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ABSTRACT
The decompositions of N-*nitx'*osoacylarylamines in bensene 
and in carbon tetrachloride have been investigated* The 
reaction products of W^nitrosobenKanilides parallel those of 
W«nitrosoacetanilides, carboxylic acids being the major 
products from almost all reactions carried out in both bensene 
and carbon tetrachloride, Carboxylic anhydrides, hitherto 
unreported products, have been isolated from reactions in 
carbon tetrachloride. The observed displacement of a toromo 
or iiitro substituent in o*- or p-positions in the amino 
moiety of the nitrosoamide by a chloride or benaoate ion during 
the formation of aryl halides and substituted phenyl benaoates 
is in contrast to 8uschit%ky*s results* (Tetrahedron,!962,fô,l369), 
In general, the major part of the reaction appears to be 
abstraction by a carboxylate anion of hydrogen from the opposition 
in the amino moiety of the nitrosoamide to form the carboxylic acid 
However, when both o-positions in the amino moiety of the 
nitrosoamide are substituted, the reaction proceeds primarily 
by nucleophilic displacement of a substituent by the carboxylate 
anion.
The decomposition of ^ nitrosoacetanilida in carbon 
tetrachloride gives a bensynoid-type adduct with
2 ,3 ,4 ,5-tetraphenylcyclopentadienone, with consequent suppression 
of the formation of chloroben%ene, which is a major product
V
from a reaction carried out in the absence of the above diene. 
Appropriate ben^ynoid-type addiicts are also formed in reactions 
of K-nitrosobensanilides with 2,3,4,5-tetraphenyIcyclopentadienone 
and with anthracene, but not with furan» By the use of substituted 
N-nitrosobensanilides, it has been shown that, for appreciable 
adduct formation with 2,3,4,B'-tetraphenylcyclopentadienone, a 
substituent must be in the m-pogition in the amino moiety, i.e. 
o- or jp- to the hydrogen which is being removed in the formation 
cf the carboxylic acid. The nature of the acyl moiety of 
the molecule has some influence on the formation of the adduct, 
but the nature of the solvent appears to have little influence 
on the yield of adduct formed. In reactions in which high 
yields of bennynold-type adducts are obtained, the only other 
major product isolated is the appropriate carboxylic acid.
True aryne intermediates are discounted, and it is suggested 
that the intermediate is dipolar in nature.
A reaction scheme involving radicals, previously suggested 
by Iluchardt ^ . (Tetrahedron Letters, 1984, 3823}> can be 
modified to account for the reaction in benaene. The reaction 
in carbon tetrachloride, however, appears to follow a different 
reaction path, and probably involves radicals to a slight 
extent only, the main reaction being ionic.
Vi
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This thesis describes reactions of N-nitrosoacylarylamines in benzene 
and carbon tetrachloride carried out with a view to the detection of aryl 
radicals and/or arynes or arynoid intermediates. Accordingly, the 
introductory section of the thesis includes a summary of the Icnown 
reactions of aryl radicals, arynes and N-nitrosoacylarylamines♦
1. SOURCES OF ARYL RADICALS .
The usual methods for the production of aryl radicals involve 
either thermolysis or photolysis of appropriate compounds.
A. THERMOLYSIS.
12 43i) Diazohydroxides and diazoacetates (The Gomberg Reaction);' '
+ — V Ar® He.g. A r C l  + NaOH -- ) Ar'N "OH -- ---^ Ar*>Ar *+ Ng + HgO
11 ) Aryl8zotr%)henylmethanes •
e.g. Ph"N;N"CPhq — ^Ph* + + "CPh_.O a V
3 4 5iii) Diazonium salts, such as the chloride and trifluoroacetate give
radicals, probably by homolysis of the covalent form which is
thought to be in equilibrium with the ionic form,
e.g. Ph'Ng'^ Cl” Ph'N%N*01----  ^Ph" t Ng + *01.
6iv) Diazoanhydrides :
e.g. Ar *0 *Nrt “Ar —  ^Ar" t %  t *0 .N »Ar£i X? V. 27v) l-Aryl-3,3-*dialkyltriazens:
e.g. Ar*N;N*N*R^ ? Ar* t 4- *NR„di Z! 6
vi) Aromatic amines and Omyl nitrite; the reaction probab 1)7 involves
the formation and homolysis of a diazo compound,
e.g. PhNHrt t Am*ONO — —  ^Ph*N:N*OAm ^Ph* + + 'OAm,
2.
... ^ 9,11-15vii) Peroxides :
e.g. Ar»C0*0*0'C0*Ar---  ^Ar*C00* — —^ Ar * 4* COg.
16 16 18 viil’5* Lead tetrabenzoate, phenyl iodosobenzoate ' and silver
17halide dibenzoates,
e.g. Pb(O'CO'Ph) ) Pb(O'CO.Ph). + 2Ph‘G0^t% A rU
Phi(O'CO'Ph)g— > Phi + 2Ph'C0 '
2ph*C0^0‘Ag + I^— ^(ph<ÎO*0)-AgX —  ^2Ph"C0^o 
i^) N-Nitrosoacylarylamines: These compounds are the subject of this
thesis and they will be discussed later, (p. 6 ).
B. PHOTOLYSIS.
Irradiation of diphenylmercury”  ^or triphenylbismuth"'^ with ultraviolet
21light gives rise to phenyl radicals. Certain iodo compounds"^  also 
decompose on irradiation.
REACTIONS OF ARYL RADICALS
a) With Aromatic S u b s t r a t e s The overall reaction of an aryl radical
with an aromatic substrate is generally one of substitutiono The first
step in the reaction is addition of the radical (Ph«) to the substrate
15 2?(e.g, PhCl) to form a sigma-complex,'  ^  ^ Addition takes place in the
12 13 I'do^f m, and ^-positions * ' " in accord with the insensitivity of homolyti^
reactions for electronic influences.
Cl V/ +• Ph- 4 Cl I
I
H
ciA,
V'
M
'V'
phH
a = /
TIae radicals so produced in the initial addition process can then 
undergo one or more of the following reactions;
i) Abstraction of a hydrogen atom by any radical R« present in the system, 
or by reaction with an oxidising agent, to give a biaryl,
pkr> PI?
e•g, 2 [or (PhC0*0)p] ^ ClV 7 -h RH
[or PhCO^H + Ph»C0 °0 ']
4 .
ii) Disproportionation to give a biaryl and a dihydrobiaryl. 15,24
H
e
p, - PH
. . .
H
PK Ph
C'- +
13 15 23iii) Dimérisation or coupling to give a tetrahydroquaterphenyl,  ^ '
which can be oxidised to a quaterphenyl. 
e,g. Dimérisation:
2
Coupling;
% / L  Ph
13 15 23iv) Formation of a terphenyl derivative ' * by attack of an aryl
H Ml
radical on a biaryl,
Ph
a /  \ \  4- P h
Ph Ph 
^ CL^ H
Ph ph
^ c i - < n
together with products from attack at the other positions.
When diaroyl peroxides are used as arylating agents, each of the above 
types ofreaction occurs, major products (30-60%) being an isomeric mixture 
of biaryls, in which the o-isomer usually predominates. However, when using 
N~nitrosoacylarylamines as the radical source, no dihydrobiaryls or 
quaterphenyls are isolated. Reaction schemes to account for the absence of 
these compounds have been proposed recently by Rüchardt et and by
77 78Perkins et  ^ [See section on nitrosoacylarylamines (pp. 20-22 )] .
i:
b) With Aliphatic Compounds.
Tho reaction which takes place between an aryl radical and an aliphatic 
substrate is one of abstraction,
Q,g, Ar* t RH  -- > ArH t R*
Ar* + CHC1„--~>ArHt *CC1_O V
Ar- t CCI, -— > ArCl t -CCl^
In polyhalogenomethands, however, there are obvious differences between the 
reactions of peroxides and arylazotriphenylmethanes on the one hand and 
N-nitrosoacetanilides and diazonium compounds on the other. Thus, 
decomposition of benzoyl peroxide in carbon tetrachloride gives a high 
yield of chlorobenzene, and the trichloromethyl radicals appear both as
34 19(b)the dimer, hexachloroethane, and also as ^-trichloromethylbensoic acxai *
However, in the decomposition of N**nitrosoacetanilide in carbon tetrachloride,
benzenediazonium chloride is formed as an intermediate, and the products of
this reaction include a high yield o:f acetic acid, a fair yield of chlorobenzene
1 28 29 30and a trace of phenol, but no trace of the trichloromethyl radical i& f6und.
No hexachloroethane is Isolated in reactions of phenylazotriphenylmethane^^*^
157or in reactions of amyl nitrite with aromatic amines in carbon tetrachloride.
In chloroform, decomposition of peroxides leads to hydrogen abstraction
only, while decomposition of nitrosoacotanilide gives rise to both hydrogen
. ^  ^ 30,32,33and chlorine abstraction.
i.e. (Ph*C0 *0>2 + CHClg > PhH t ,CC1^
Ph*N'(NO)'CO*CH^ + CHOl^ -— PhH + PhCl
All radical sources give rise to abstraction of both hydrogen and halogen 
34from bromoform. Radicals from nitrosoacetanilide abstract both bromine
6.
and chlorine from bromotrichloromethane,^‘ but other radical sources show 
almost negligible chlorine abstraction from this substrate.
The reactions of N-nitrosoacylarylamines therefore differ in many 
respects from those of aroyl peroxides* In the latter case, the reactions 
are well understood, and can be rationalised in terms of the known reaction 
of aryl radicals. In the former case, less is known about the reactions* 
This lack of knowledge prompted this investigation.
3. N--NITROSQACYIARYIAMINES
35N-Nitrosoacetanilide was first prepared by Fischer in 1876 by the
action of nitrous fumes on acetanilide. An identical compound was later 
36prepared by the reaction of an acylating agent with an alkaline diazonium
36-41solution. It was therefore suggested by various workers that
N-nitrosoacylarylamines were tautomeric with the diazoesters. 
i.e. Ph*NH*CO‘CH^ Ph*N:N*0 Na"*"
nitrousfumes sj/
Ph*N(NO)-CO-CHg    ^Ph'N;N*0'C0'CH
CH.CO'Cl or (CH,,*C0)„0o 0> ^
The use of N-nitrosoacylarylamines as arylating agents was
38demonstrated by Kuhling in 1895 by the formation of 4-nitrobiphenyl in
the reaction of N-nitroso-4-nitroacetanilide in benzene. A study of
40the reaction of N-nitrosoacetanilide in benzene by Bamberger' showed
the products to be biphenyl (50%), acetic acid and nitrogen. A different
42type of product, an ester, was later isolated in a similar reaction.
PhHPh'CO'N(NO) 'CH_'Ph — ----   ^Ph,00*0"CH_*Ph t N_.
JU ii
7,
Renewed interest in N-nitrosoacylarylamines was aroused in 1934
as a result of the extensive kinetic investigations of Hey ^  ^ 1,38,29
These workers found that, in reactions of N-nitrosoacylarylaminec in
aromatic solvents, the usual laws of electrophilic substitution were not 
G 37 39 40applicable, * ' * Substitution took place at the ortho and para
positions, irrespective of the orientating influence of a substituent 
already present, and, in that respect, these reactions were similar tc the 
Gomberg reaction^^ and to reactions of p e r o x i d e s . G r i e v e  and Hey^'^^ 
therefore postulated a neutral radical, Ph*, as an intermediate in order tc 
rationalise these results.
The rate of decomposition of N-nitrosoacylarylamines, as measured by 
the rate of nitrogen evolution, was found to conform to a unimolecular, 
first order law, and to be independent of substrate. The rate-determining 
step must therefore have been the production of the radical Ph*, and not 
subsequent reaction of Ph\Grieve and Hey suggested the rate-determining 
step to be homolysis of the diazoester, i.e.
WPli‘N(NO) *v;0-CH„--~ ■ ' > Ph'N:N»O.CO’CH- -'4 Ph” + N„ -!■ CH„COO*o O a Ô
Support for the radical nature of the reaction came from further
32,44work by Vi/aters and Hey, Decomposition of N-nitrosoacetanilide in
dry aromatic solvents was frequently found to yield benzene, obviously
by a non-ionic route, while decomposition in solvents such as carbon
tetrachloride and carbon disulphide, in the presence of metals, resulted
32in water-ooluble solids, chiefly acetates, " The occurrence of acetic 
acid, and, in some cases, carbon dioxide, was taken as proof of the 
presence of the acetoxy radical, rather than the acetate ion which would
8c
not be expected to decarboxylate, Initiation by N-nitrosoacetanilide of 
addition polymerisation,known to be radical induced, and incorporation 
of the aryl moiety of the molecule into the polymer, indicated the 
intermediacy of active free aryl radicals*
46The radical hypothesis was challenged by Hodgson who preferred ionic
47mechanisms, but Hey and Waters pointed out that, while ionic mechanism
might be operative, radical mechanisms were essential to explain their
 ^ , 14,48,49,50 , .results * They were supported hj various workers who found
that the nature of substituents in the aromatic substrate had little
influence on the orientation of substitution by the aryl moiety of the
nitrosoamide,
Hey*s mechanism, i.e* horaolysis of the diazoester as the rate-determining 
step, was accepted until 1949, when Huisgen and Horeld ' measured 
the rate of coupling with p-naphthol in the reaction of N-nitrosoacetanilide 
with benzene, and fOLind it to be identical to the rate of nitrogen 
evolutionD The only apparent explanation for this equality of rates
was that the rate-determining step occurred prior to the production of 
the diazonium cation*
fast^ Ph* -f + ‘0*C0*CH_
i.e. Ph*N(NO)'CO"CHg— Ph*NîN*0=C0CH^
fast
^  Phî^  ^+~O.CO'CH_
53Soon afterwards, De Tar reached the same conclusions*
54Huisgen suggested that the acyl migration from nitrogen to oxygen 
proceeded via an intramolecular rearrangement, leading to the trans
diazoesters
I.e.
i — > ':c:' — ^ /
O - ’^ ' - M e  o "  V i e  0 '
He discounted free ions in the intermediate state on the grounds that
the reaction was carried out in non-polar solvents, and also because the
rate was independent of substituents in m or p-positions in the amino
moiety. o-Substituents hindered the reaction, presumably by preventing
the benzene ring and the four-membered ring in the intermediate state
being co-planar.^^ After further kinetic work, Hey agreed with
5€Huisgen, but Heyns and Babenburg , on the other hand, maintained that 
substituents would show some influence on the reaction rate. They 
postulated a partial dipolar structure in the intermediate state.
0"
t  ^ t , which they supported by ultraviolet spectral evidence,
II _N-0
Further evidence for the existence of a trans-isomer was the formation
57of indazoles from reactions of ^“methyl-N-nitrosoacetanilide . The 
diazoester must be in the trans-configuration for this reaction to occur.
The diazoester was found to decompose by a variety of routes, 
depending on the reaction conditions. N-Nitrosoacylarylamines in organic 
solvents gave biaryls as the major product of the reaction, but
1 0 ,
N-nitrosoacylalkylamines gave esters and/or olefins.^^*^^ Huisgen
59attributed the ester formation to purely ionic mechanisms and later
to a cage effect,White^^ viewed it rather as a rolling of electrons.
Finding that optically active materials often retained their configuration,
he proposed, as part of the reaction, the following scheme:
R*Ns=0 R* r' 0I I i / 'V  I It „R-C“N-C~R" 4 R-C-N=N~o ___  ^R-C-O'C-R" + N„.I I I y, ■ ' I  2H 0 H H
Radical intermediates were rejected on the basis that carbon dioxide would
63have been produced if the acetoxy radical had been present. In a polar
solvent, free ions could be present, and both intramolecular (as above)
and intermolecular (ionic) rearrangements might operate together.
In non*i50lar solvents, however, ions would be unfavourable, but cross-over
61products were found in reactions using isotopically labelled oxygen, i.e. 
R*N(NO) *CO*R^  t R".N(NO) •CO^H' R'CO'&^R* t R”*C0*6‘R*
White therefore, further postulated that the diazoester might 
cleave to yield a diazoalkane and a carboxylic acid, which could then 
combine to form the ester, and could form cross-over products*
In reactions of nitrosoacylalkylaraines the major products were 
olefins.^^ Huisgen*s results^^ from experiments using nitrosoacylalkyl-
amines containing secondary alkyl groups, especially the cyclohexyl group, 
are of special interest. These are exemplified overleaf:
11
n ; N ' O C O - C H 3
Hv
Hz
N
H
36%
This result appears to be analogous to our observations, described 
later, where reaction took place by loss of nitrogen and abstraction 
of hydrogen. The presence of olefins in the reaction mixture suggested 
to Huisgen a partial polar mechanism for nitrogen evolution, even in 
non-polar solvents. Polar and radical reactions must therefore have 
taken place simultaneous 15?.
Homolysis of the diazoester would give rise to an acetoxy radical.
ïn all reactions there was a marked absence of carbon dioxide,
the usual reaction for the aceto:cy radical being immediate decomposition
to a methyl radical and carbon dioxide. The acetoxy moiety of the
molecule appeared, rather, as acetic acid.. Further, the aryl radicals
produced from N-nitrosoacetanilide did not give dihydrobiaryls as did
66those from peroxides, nor did they show any appreciable isotope effect 
in tike phénylation of benzene and deuterobenzene.^^ De Tar^^ attributed 
this unusual behaviour to the high reactivity of the radicals from 
nitrosoacetanilide, while Huisgen postulated that acbua^ t free radicals 
were not involved, but that the acetoxy radical obtained a hydrogen atom
12.
51 0^ 30 39within s complex of reactant, and solvent molecules, Hey et al. *
and Eliel et suggested a "cage effect" in these reactions,
believing that, while radicals from peroxides were sufficiently stable
to diffuse away before reacting further, those from nitrosoacetanilide
were constrained by a solvent cage and so reacted with the solvent before
they had a chance to decarboxylate, The cage effect was further supported
by the work of Overberger and Marullo*
69Eliel, however, later withdrew his cage theory after the decomposition 
of nitrosoacetanilide in benzene in the presence of a low concentration of 
iodine v/as shown to give iodobensene (85%) , The phenyl radicals had 
been scavenged by the iodine, and this could not have occurred had the
radicals been in a solvent cage. Further opposition to the cage effect
70 25came from Denny and Applebaum. Recently, Rüchardt' suggested that the
acetate ion, and not the radical, was involved in the reaction (see p. 15).| ,
N'j carbon dioxide would be expected in such circumstances.
In view of the general acceptance of ionic as well as radical
53 71mechanisms, the original scheme proposed by Huisgen was modified * •
Ph*N*(NO) •CO*R — S}l^ph.N:N*0«CO'R
Ph*N;N*0'C0'R — Ph" t t R'COO^\fast
^PhTh*^ + R*CO% --  ^ Ph"^  t + R^'Ca<6 a iii
13.
72The heterolytic path was further investigated by Barben and Suschitsky,
who found that the reaction of H‘-nitroQo~£~fluoroacetanilide in benaene
yielded 4-aceto%ybiphenyl as well as the expected 4-fluorobiphenyl.
Similar results were obtained using N-nitrosobenaanilides. The mechanism
72 73proposed involved ionic intermediates in part
p-P.C^H^'N(NO) "CO'Ar— f p-PpC^H^'N;N"0''C0"Ar  ^0'C0*Ar
PhH xf
p-ArOOu'C^H.'Ph ^----  p-ArCO_ *C_H , 'N:N"F f-.-- p-ArCO^ 'O.H + f'<5 b 4 — 2 6 4  ^ - 2 0 4 2
There was no displacement of fluorine in the meta position, and no 
displacement of any other halogen. The unique behaviour of the fluoro 
compound was attributed to the marked electronegativity of the fluorine. 
These workers saw no reason for ion pairs to be absent in other 
N-nitrosoacylarylamines, however, and demonstrated their existence by 
allowing mixtures of N-nJt roso~p-chioroaceta.nllide and N-nitroso-p-fluoro' 
benzanilide to decompose in benzene, with the subsequent isolation of the 
cross*-product, 4-8cetoxybiphenyl% as shovms
R(0
14.
p - C l ‘e_K, •N„'*'CH-C0*0“ + P 'F -C „ H .’N t P h*C 0 '0“jr
p « C l'C ,H . ’W ?h‘C0*0“  + . p -F 'C .H . •N„"*'cH„-C0-0~ + p*P h ‘C0-0*C„H - N „ V—“ ' ~ 'v?4is i30 '—
-  Jf .  -P’^ C1*C^H H Ph-GO-O + p -F ’CJi^ •H_CH^*C0*0 -h p-CH^'CO-O'C -N F b 4 ^ .% — o 4 /5 *3 — 3 0 4 2
+ p-Ph-C0*0*CJ-Î *N^V
j r
p^Cl'C.H.'N:N'0'C0'Ph + p«F'C.J‘î. •N:H-G'CO*CH„ + p-CB_'CO'C'C_H,'N:N'F>"• u -i — o 4 3 ^ 0  o 4
+ p- Ph 'CO "0 ' C .j r  'N ;N 'F— b 4
'4*'
PhHf
p^Cl'G^H. *Ph 4- p-F'C_H. 'Ph + p-CH^*C0*0*C *Ph 4- p-Ph*C0*0‘C H »Ph— 0^ -4 — b 4 —' c, 8 4  -* 0 4
In reactions of correspondingly substituted N-acetyl-^H'^nitroso- 
npphthylamines (I), chlorine, bromine and fluorine wore all replaced by 
the acetate ion,
74Guschit&ky et postulated a dia.t;oanhydride as a possible
intermediate to explain the production of acyl fluoride from such 
reactions,
G,g. p-^ -R^ CO’O-G H . 4 P'F'CÆ 'N;N'0"CO'R ^E^CO-F8 4 6 8 4
+ p^F "C^H. "C^ H, •O-COR(p)C 4 <d <î5 o 4 —
0Diasoanhydrides had been suggested as early as 1898 by Bamberger to
l5.
be intermediates in the decomposition of N~nitrosoacylary3,amines.
The diasoanhydride was the main intermediate in the reaction
sequence for the decomposition of N^-nitrosoacylarylamines in benuene
2l5proposed by RÜchardt to explain the absence of the acetoxy radical.
The absence of dihydrobiphenyls and quaterphenyls was explained by 
the presence of a diazotate radical, produced by homolysis of the 
diaaoanhydride, which was assumed to scavenge the cyclohexadienyl radicals, 
preventing their disproportionation and dimérisation. The reaction 
sequence was as shown;
Ph'N(NO)*Ac -- — > Ph*KsN‘OAc Ph'Ng"^  + QAc
Ph'NîN'OAc + CAc  ^ Ph*N„o” 4- Ac^O
Ph'N_"^  t Ph'N^O   Ph'N.'O'N^'Ph    ^ + Ph* t Ph'N O' ^ ’A A A 2rh
» / A ?h*H *0 *Ph. t PhH — > (\ • ;> — 2  ) Ph*Ph + Ph“N 'OH\  * X 2
Ph-Hg^OHtAcO  Ph'Ng'O t AoOH-
The acetate ion and not the acetoxy radical participates in the
75reaction, Eüchardt supported this mechanism by S.SoR, studies.
The spectrum observed was said to agree with that computed for the phenyl 
diazotate radical, Ph*K;N"0*.E.8.R, spectra were also obtained for
p-Cl*CJI. •îÎ:N*Oa p-P'C^H.*N;N'0 ', p-Me'C p-BU^.O
_16__ __   ^ 1 76dU'WSW'U' ana in' * - -■5p«'B’GçjH_^ *N;N*0 * d di from the appropriate M^nitrosoacetanilides
The E.SqR. spectrum of the isotopically labelled nitrosoacetanilide 
indicated that there was no interchange of the nitrogen , 
i.e. Ph'H^CRO)*CO*Me — Ph«>îJ^ ®^N^ ‘0 “ entirely.
1 0 .
77Recently, Perkins £t £l. attributed this S.S.R. spectrum to the
structure (A) Ph~N^O* suggesting that splittings from phenyl
(B) Ph-N-CO-CHg,
group (B) were negligible. This structure was supported when the
7<?same spectrum was obtained ^ from a mixture of nitros’obenzene and 
N-bromoacetanilide in benzene. The radical shown above would be common 
to both reactions. Spectra from other substituted nitroso compounds 
supported this type of intermediate, which could act as an oxidant 
as shown;
PhNsN‘OAo  ---  ^Ph' + + *Okc
Ph' 4- PIiNtN'QAc   -> Ph-N-O"
IPh-N-COCH 
.Ph
Ph'Ph + j
Fh-N-COCh^
p m  :N ' OAc t Ph-W-OH Ph-N-0 *
I  f I t Ph" t K + AcOH
Ph-N-oœH^ Ph-N-COCH_
An identical E.S.R. spectrum was obtained from the reaction of 
p-'Chloro-N-nitrosoacetanilide and nitrosobsnsene, showing that the 
splittings of ring (B) must be negligible.
It is clear, therefore, that uncertainty still surrounds the reactions 
of N~nltrosoacylarylomines in aromatic solvents. Further, anomalies 
which are not explicable by either of the above mechanisms also exist.
Thus,in the decomposition of o^t-butyl^N-nitrosoacetanilide in benzene.
17.
o~ and in~. t**-butylphenyl acetates, and not 2-t-butylbiphenylj,were the
main p r o d u c t s . T h e  presence of an aryne intermediate was postulate 
to account for the mixture of esters. It was suggested that the 
t-butyl group, being large, would constrain the molecule so that the 
cis-*isomer of the diazoester would be formed. This would then undergo 
decomposition, by either a concerted or a hemolytic process, to give 
S-t-butylbenayne and acetic acid, which, being in close proximity, would 
react to yield a mixture of esters.
1. r
4-
30
4** ROAc
Smaller groups in the ortho position would not constrain the molecule
sufficiently to produce the cis-isomer, and hence no aryne would result.
In the presence of anthracene, a knovm aryne trap,^ *" 2*~t~foutyltriptycene
was isolated, which seemed to support the proposed mechanism. This
C2reaction is at present under extensive investigation, ' Recently it
S3has been reported that o-iodo-N-nitrosoacylarj^lamines gave rise to an 
aryne intermediate by a free radical pathway, involving loss of an 
iodine atom from an o-*io do phenyl radical,
1 .e O-R ----- ^ j
The isolation of 1,2,3,4-tetraphenylnaphthalene from reactions carried 
out in the presence of 2,3,4,5*-totra.phenylcyclopentadienone was taken 
to be proof of the intermediacy of an aryne.
18.
The anomalous reactions of K-nitrosoacylarylamines which have yet 
to be explained are;
1* In carbon tetrachloride, benzenediazonium chloride is formed as an
i n t e r m e d i a t e , a n d  acetic acid is the main product, with a
smaller amount of chlorobenaene. Although hexachloroethane (the dimer
of the trichloroinethyl radicals) is identified in reactions using
peroxides as the radical source, no trace of the trichloroinethyl radical
27 31is found in reactions of N~nitrosoacetanilide "* in carbon tetrachloride.
Much tar is formed.
2. In benzene, no dihydrobiphenyls or quaterphonyls are isolated.
3. No carbon dioxide is evolved on decomposition in any solvent.
4. Radicals produced from nitrosoacetanilide abstract both chlorine and
hydrogen from chloroform, while those from peroxides abstract only 
30 32 33hydrogen. ' Radicals from all sources abstract both bromine and
hydrogen from bromoform.
5. When nitrosoacetanilide is used as the radical source, both bromine 
and chlorine are abstracted from bromotrichloromethane, but other 
radical sources show almost negligible chlorine abstraction.
6. o-t-Butyl- and o-iodo*«N~nitrosoacetanilides appear to react via an 
intermediate aryne.
7. In the phénylation of pyridine, radicals from nitrosoacetanilides 
give different isomer ratios from those from the other radical sourcest^^^^
The outstanding anomalies mentioned above involve the formation of 
acetic acid and, in tv/o cases, the possible formation of an aryne.
19.
It was of interest therefore to investigate the possibility that aryne 
or arynoid intermediates might be formed in decompositions of N-nitroso- 
acylarylamines in general, possibly via the following route:
— } Xir O -C O -R
+ R- CO, H
In this connection, the use of nitrosobenzanilides was considered to be 
advantageous experimentally.as a result of the ease of isolation of the 
corresponding benzoic acid, which would crystallise directly from solution 
in carbon tetrachloride, for example.
Most of the work on N-nitroso compounds described above has been 
carried out using nitrosoacetanilides, and very little has been done with 
nitrosobenzanilides. Although Suschitzky used benzanilides to 
demonstrate the existence of ion pairs, and Karnpmeier and Rubin studied 
o-iodo-“N~nitrosobenzanilides, a systematic survey of the reactions of 
N-nitrosobenzanilides in various solvents had never been undertaken prior 
to this investigation now recorded in this thesis,
4. ARYNE IllTERMEDIATES.
Although benzyne,or dehydrobenzene,(C^H^) had been proposed by early 
84workers as a transient intermediate in reactions of aromatic compounds,
85it was not until 1942 that it became generally accepted. In reactions
85 86of aryl halides with phenyllithium, Wittig ' found that aryl fluorides 
reacted much faster than the other aryl halides, and the products of the
20.
reaction depended on the subsequent treatment of the reaction mixture
Addition of water gave biphenyl, while o-biphenyldiphenylcarbinol (2)
was obtained by the addition of benzophenone. Since it had been shown
that 6d-chlorostyrene reacted with phenyllithium to give an acetylenic
derivative, presumably by substitution of the metal in the p-position,
85followed by elimination of the metal halide, Wittig proposed the 
following scheme:
87
PULi
.PI-
L
Ll F
w
014
The isolation of jO~fluorophenyllithium by later workers. supported 
this scheme,
Wittig postulated that the intermediate was permanently polarised 
in one sense, as shown. However, isolation of isomeric mixtures of 
products in other reactions “ (see p. 21 ), showed that it was capable 
of existence in various canonical forms;
I.e.
(3)
21.
12'?-A contribution from the di.radical structure (3) v/as also considered..
The speed of the reaction was attributed to the strong electronegativity 
of the fluorine which enabled the o-hydrogen to be replaced by the metal. 
Lithium fluoride was then eliminated by the combined effects of the
Qâ.electropositive metal and electronegative fluorine, ~ Other halogens,
being less electronegative, reacted less readily.
The reaction of o~dihalogenobenzenes with lithium was shown to
proceed by a similar route after initial displacement of one halogen
by the metal,^^*^^*^" Arynes have also been generated by the reaction
95of Grignard reagents formed from these aryl halides,"
93Results from reactions of halogenated naphthalenes paralleled those 
from halogenated benzenes.
Further methods for the generation ox arynes include the following:
a) Amination of Aryl Halides with Metallic Amides.
To explain the mixture of products from the reaction of substituted
89 90 91 92 9*1aryl halides with metallic amides, » > > " Roberts ^  aTl proposed
an intermediate aryne. Compelling evidence came from their reactions 
14with 1-C -chlorobenzene, where there was formed a mixture of products, 
the ratio being as predicted, taking into account the isotope effect.
22,
Similar results were obtained in reactions cf halogenated naphthalenes,
09b) Decomposition oi Benaenediazonium-2-carboxylate (4)
d 1 pheny 1 iodonium-2» ^ c a r b l a t e .^ 02 ^ ^^  lasot 1 sod
o-aminobenzenesulphinic acid,103 (8)
Thermal decomposition of these compounds was shown to yield benayne
by elimination of the two q*-substituents as complete molecules.
(6)
(5)
^ l|| ■+ ^2- ^
4" PK X COg/
So
CN
I  +- +  S C \
The presence of the ar^me was indicated by trapping experiments (see later, 
p. 24).
A modification of this type of reaction, the formation of
benzenediasonium-2~carboX3^ 1ate in situ by diazotisation of anthranilio
acid with amyl nitrite, has been found to be a convenient method of
100generating benzyne in aprotic solvents,
c) Oxidation of 1-Aminobenzotriazole.
Oxidation of 1-aminobenaotriazole with lead tetra-acetate gave 
rise to benzyne, possibly via an intermediate nitrene.
\ 
N '''N
\ M ■> 'î- 2  N'
NH; :N" o »
Oxidation of 2-aminobensotriazole also yielded benzyne, but it 
readily cimerised^even in the presence of aryne traps, whereas benzyne
from previous sources did not. It has been suggested that the triplet
- ................. -  f Y ^state and not the usual singlet state | j{ was present in this case.
d) The decomposition of diazo compounds with base,
The action of sodium ethoxide on an ^ -bromo diazo compound gave
106-rise to an intermediate benzyne,
' C-'OEb (C
2 4 ,
2, REACTIONS OF ARYNES.
A, Reaction with Dienes,
The reaction of a benzyne intermediate with cyclic dienes proved
to be the most important diagnostic test for its presence in a reaction.
 ^ 94,95,103,104,108The dienes most commonly used as traps % or benzyne were luran
with which it gave l,4-*epoKy-l,4~*dihydronaphthalen0- (7), '
94,95,100,103,104,109  ^  ^ ^anthracene, which yielded triptycene (8), and
2,3,4,5-tetraphenylcyclopentadienone^^'^^^'^^^'^^' ^ 108 gave
1,2,3,4-tetraphenylnaphthalene (9),
i.e.f^ L Ç  ^ r 1] O  i| (7) and no phenyl furan.^^'^^
O'hCCO'^ OOP w
II
Ph
o
Cyclopentadiene,^"'^^ tet ra pheny If uran^^ and pyrroles^"'^ have also 
been used as traps.
The addition reaction was found to be favoured by a high electron 
density in the diene and also by electron withdrawing groups in the 
a r y n e T h u s , a n t h r a c e n e  was much less efficient as a trap than
2,5-di-p-anisyl-3,4-diphenylcyclopentadienone,
25,
B * Reactions with benzene and substituted benaenes.
Originally, aromatic compounds such as benzene were though to have
a low reactivity towards benzyne, but close examination showed that, in
ll3some cases, small quantities of addition products were formed.
Benzyne from benzenediazonium-2-carboxylate in benzene yielded 
benzobicyclo(2,2,2)~octatriene [ ] by 1,4-addition, benzocyclo-
octatetraene [ Jj ] by 1,2-addition followed hy valence bond
isomerism, and biphenyl by insertion of the benzyne into a C-H bond in
113  ^  ^ .. 114,115benzene, Benzyne produced from other reactions, e.g. amyl
nitrite and anthranilic acid, however, gave bensofoicyclo(2,2,2)-octatriene
and biphenylene, and only very small quantities of biphenyl and
benzocyclo-octatetraene* The difference in those reactions was
114explained by Friedman, who suggested that, as the preparation of 
benzenediazonium-2-carboxylate was carried out in the presence of silver 
ions, contamination might result, and a benzyne-silver complex could be 
foi'med. This would be more electrophilic than benzyne and would attack
benzene.
* Hr PKM y
By intra- or intermolecular proton transfer and ejection of Ag"*", biphenyl
26
would be formed. Beiizocyclo^-octatetraeDeformation was explained
by ring closure and valence bond isomerism^ This explanation was
substantiated by producing benzyne from anthranilic acid diaaotised
with amyl nitrite in the presence of added silver ions, when there
was an increase in the yield of biphenyl and benzocyclo-octatetraene
and a corresponding decrease in the yield of benzobicyclo(2,2,2)-octatriene.
No other metal ion has so far been shown to have a similar effect,
lieBy the use of substituted benzenes, it was possible to show 
preference for 1,4-addition rather than 1,2-addition, and to show 
that benzyne tended to avoid adding to carbon atoms bearing a 
substituent.
C. Reaction with Carboxylio Acids.
A mixture of esters resulted from the reaction of an ^asymmetric
117aryne with a carboxylio acid."
m  +  r c o ^h  — f -+ COvft'
D . other Reactions.
Benzyne has been shown to react with phenylacetylenes, tertiary
bases, thio ethers,ketones^'*"^ and allylic olefins,
The reaction of ring closure via an aryne intermediate is useful
121in synthetic work for the production of polycyclic compounds.
27.
o.g
N H C - P h
V ^ 6 - . NHg /
N C-Ph
®s
The orientation of addition to the triple bond in substituted arynes 
has been studied by various workers^^^'^^"'"^^ and it has been shown to 
depend on both the inductive and the conjugative effects of the 
substituent for both 3- and 4-substituted arynes,
3, Structural Considerations.
From its reactions, the benzyne intermediate would appear to exist 
in a triply bonded, dipolar or diradical form.
(10) (11) (12) (13)
In structure (11), one electron resides in each of the two adjacent sp'"^'
orbitals, and there is a certain amount of overlap. Owing to ring
strain, the overlap will, however, be only slight in comparison with
that in acyclic acetylenes, and the compound (11) will have enhanced
122reactivity as a dienophile. ' The relative weakness of this bond 
explains the susceptibility to attack by nucleophiles e.g. Ph , which 
intercept the dehydrobenzene as o-lithiobiphenyl,
2The two electrons with antiparallel spins may reside in one sp 
orbital, giving rise to the limiting dipolar forms (10) and (12).
28.
85Wittig had suggested that the bond was permanently polarised in only
one sense, but isolation of mixtures of isomers disproved his theory.
The triplet state (diradical) may also be present in the resonance 
124hybrid. There are few products isolated which are indicative solely of 
radical intermediates, but such a structure was proposed to account for 
the production of triphenylene in the reaction of fluorobenzene with 
phenyl lithium. This has^however, also been attributed to an
ionic mechanism.
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G.L.C, - gas-liquid chromatography
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EXPERIMENTAL,
I, ANALYTICAL IN5TRUl\‘ïENTS
1, Gas"Liquid chromatographo
The instrument used for qualitative work was a PerkinMBlmer 
model F.ll, employing nitrogen as the carrier gas and fitted with a 
flame"ionisation detector. The columns used were in the form of 
coils, 2 metres long and I/S'* in diameter, A second instrument was 
used for both qualitative and quantitative work. This, a Griffin and 
George model D, 6., also used nitrogen as the carrier gas, but was 
fitted with a gas-density balance. The columns used were 2 metres 
long and 3/16’* in diameter* All qualitative analyses were checked 
on at least two columns, compounds being identified by retention 
time and also by showing peak enhancement in mixtures of the unknown 
with authentic compounds. The quantitative analyses were carried 
out using an internal standard technique. After a standard of suitable 
retention time had been found, a known weight of it was added to the 
reaction mixture in approximately the same concentration as the 
reaction products. The amounts of the various constituents present 
were then computed from the relative areas of the peaks, since the 
area of the peak traced out on the recorder is directly proportional 
to the molecular weight,as shown by the equation:
36 .
kA
where n = no, of moles of product
m S3 molecular weight of carrier gas 
A = area of peak 
M =s molecular weight of product 
k = constant 
For two compounds , ^1 = ^1 x  ^
Ag "^1 ”
For preparative work, an Aerograph Autoprep Model A -700 
with 3/S” diameter columns. S' long, fitted with a flame ionisation 
detector, and employing nitrogen as the carrier gas, was used. 
Abbreviations for columns used:-
\
PEGA - polyethylene glycol adipate |
SÏL - silicone oil
NPGS - neopenty1 glycol succinate 
CAR - carbowax
APL - apiezon ”L” grease - on 100-120 mesh silocel,
2. N.M,R. Spect rometer
A Perkin-Elmer Nuclear Magnetic Resonance Spectrometer, 
Model R-10, with probe temperature 33,5^0 and operating at 30 î o/sec, 
was used for all proton resonance spectra.
on 100 - 120 mesh 
celite
97v
3. I.E. Spectrometers
The various spectrometers used were (i) Grubb-Parsons,
Type 9«S,2A, (ii) a Perkin-Blmer model 137 and (iii) a Perkin-Slmer 
model 237, Solids v/ere examined as nujol mulls, and liquids as 
thin films,
4, U.V. Spectrometer
A Unicam S,P-oOO model was used for all ultraviolet spectra.
5* Melting points were recorded on a Kofler hot-stage apparatus.
6* Thin Layer Chromatography All plates used were coated with 
either silica gel or alumina, and were developed by iodine, except when 
one of the compounds was tetraphenylnaphthalene, when the spots were 
viewed under U.V. light,
11^ PREPARATION A>TD PURIFICATION OF TviATERIALS
A Solvents
i) Carbon tetrachloride was dried over calcium chloride, and
then fractionally distilled through a 50 x 2 cm. helix-packed column.
The pure solvent had b,p. 70,5^, and contained no trace of impurity 
when examined by G.L.C, A trace of chloroform would have been detected 
by this method. The pure carbon tetrachloride was stored over molecular 
sieve.
ii) Benzene was distilled, dried over sodium wire, and then
redistilled, the middle fraction being retained. No impurity was 
shown by G.L.C. analysis. The pure product was stored over sodium 
wire, and had b.p. 80^.
B Acid Chlorides
The preparation of the acid chlorides is exemplified by the 
preparation of ^-chlorobenaoyl chloride,
£“Chlorobenaoic acid (50 g,, 0,32 mole) was boiled under 
reflux with thionyl chloride (75 ml,, 0,96 mole) until the solution 
was clear, and until the evolution of acidic fumes had ceased (0 hours). 
The excess of thionyl chloride was removed by distillation, the last 
traces being removed as the azeotrope with benzene. Further distillation 
gave ^-chlorofoenzoyl chloride (40 g,, 85%), b,p. 100^/10 mm,, (lit, 
120^/22 mm,) ,
The following acyl chlorides were prepared by the above
method;
yield (%)acyl chloride 
,4-bromobenzoyl chloride 
4-chlorobenzoyl chloride 
4-methylbenzoyl chloride
b,p, lit, b.p.
34
85
82
94/0,1mm, 133/17 mm.i
lOO/lOiaia.
34/8mm,
120/22 ism. 
125/35mm,
127
126
128
4-Bromobenzo^2 ohloride had m.p, 42
3 9 ,
TABLE 1
P r e p a r a t io n  o f  B e i iz a n i l id e s  b y  S ch o tte n ^B a u m a n n  M e thod
R
Yield o oR X (%) m,p, lit, m.p. Analysis
129II ‘ 4-Cl 72 195 192-194
2*-Br 4-Cl 68 137-133 - Found; C, 50,2; H,3.2%
C, J-rBrClITO requires 13 9
C, 50.3; H, 2.9%
3* -Br " 4-C3. 73 127 - Pound; C, 50.1; H,3,0%
C^gPi^BrClMO requires 
C, 50.3; H, 2,9%
4*-Dr 4-Cl 56 215-216 - Found; C, 50,5; H,3.1%
CisHgBrClHO requires 
C, 50,3; H, 2.9%
3’-Me ■ 4-Cl 55 127-123 - Found; C, 60,5; H,4.7%
C, CIKO requires 14 12
C, 60.4; H, 4,9%
1304M^e 4-01 65 211 212-213
123H 4-ï.e 60 144 144-145
131E 4-rO^ 50 200-210 211
40,
C Benzanilides
The system of nomenclature is based on the following 
*structure; 2
> - N H € 0 - u  ^
5
The methods used in the preparation of benzanilides are given below.
In all cases, the I,R. spectrum of the prepared compounds showed
-1absorption in the ranges 1640-1700 cm, (>C=0) and 3200-3420 cm, 
(>N-H).
i) The following benzanilides were prepared by the Schotten-
155Baumann method , and recrystallised from ethanol, (See Table 1 
opposite),
ii) The second method of preparation is exemplified by 
the preparation of 4-chloro-4*-nitrobenzanilide.
4-Nitroaniline (13,8 g., 0,1 mole) and 4-chlorobenzoyl
chloride (17,5 g,, 0,1 mole) in pyridine (60 ml,) v/ere boiled under
reflux for 8 hours. The solution was cooled, and poured into
hydrochloric acid (2N, 600 ml,). The resultant precipitate v/as
washed free from acid, and recrystallised from ethanol to give
4-ohloro-4*-nitrobenzanilide (23,5 g,, 85%), m,p, 821-222° (lit. 222^)* 
Also prepared by this method were the following (See Table 2, overleaf)
This is the numbering used in Chemical Abstracts,
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TABLE 2
P r e p a r a t io n  o f  S u b s t i t u t e d  B e n z a n i l id e s
R
R X
Yield
(%) on.p. lit, m,p.^ Analysis
4'-N0^ 4-Br 00 242-243 243-244
3'~N0p 4-Cl 70 133“190 134 Found: C, 50.3; H, 3.3% 
Calc, for C^gH^ClN^O^; 
C, 56.5; H, 3.3%
2',4',6'
triBr
4-Cl 58 211-212 Found: G, 33.1; H, 1,6% 
C^gKyBr^GlNO requires 
C, 33.3; K, 1,5%
4 * -Br 4-Hr 83 220 222
2*,6*~aiCl 4-Cl 7C 194-195 « Found: C, 51.G; H,2.6;
H, 5.0%.
C, 51.G; K, 2.7;
C H.^ Cl HO requiresXc$ o o
IT, 4.7%.
NOTE ; - 4“Broiao-4'-nitrobenzanilide was recrystallised frora a
mixture of 75% ethanol + 25% acetic acid. 4-Ohloro-2* ,4* ,6*- 
tribromobenzanilide was recrystallised from benzene.
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D N-Nitrosoaoylarylamines
( i ) M -Mi t ro so ace t ani I i de
H-Nitrosoacetanilide was prepared by a modified form of the 
50 (a)method of Hey ^  .
A suspension of acetanilide (5 g,) in a mixture of acetic
acid (36 ml,) and acetic anhydride (15 ml.) containing potassium
acetate (5 g.) and phosphorus pentoxide (0,5 g,) was magnetically
stirred at Nitrosyl chloride (3 g.) in acetic anhydride
(30 ml.) was added dropwise over 20 min. The mixture v/as stirred a
further 30 min,, and then poured into ice-water (1 1,), The nitroso-
acetanilide separated as a yellow, crystalline solid. This was
thoroughly washed with cold water and dried between filter papers.
Final drying was carried out over phosphorus pentoxide at 0,05 mm. for
3 hours at room temperature, N-Mitï’osoacetanilide (4.3 g., 75%) had
m.pa 51-52^ (decomp,), (lit.^^^^^ 52-53^), The compound was not
recrystallised due to the risk of decomposition.
Similarly prepared was 4-ohloro-N-nitrosoacetanilide,
m.p, 73° (decomp,),(lit. 83-84°).
(ii) N-Nitrosobenzanilides
Attempts to nitrosate benzanilides on a large scale by the
above procedure resulted in only partial nitrosation. Only 4-chloro-
benzanilide and 4-chloro-4^-methylbonzanilide were successfully
nitrosated by this method. The general method used for nitrosation of
73benzanilides was similar to that used by Miles and Suschitzky , and 
it is illustrated hy the preparation of 4-chloro-N-nitrosobenzanilide.
43o
A mixture of 4-chlorobenzanllide (10 g,), acetic acid (100 ml,), 
acetic anhydride (100 ml.), and pyridine (30 ml.) was magnetically 
stirred and cooled to 0°, Nitrosyl chloride (20 g.) in acetic anhydride 
(100 ml,) was added dropwise over 30 min,, stirring was continued for a 
further 15 rain,, and the mixture was poured into ice-water. Washing 
and drying we#)carried out as in the method described for the preparation 
of nitrosoacetanilide. The product (7,7 g„, 60%) had m.p, 75° (violent 
decomposition),
The following N-nitrosobensanilides were prepared by this 
method; (See Table 3, p, 44),
No recrystallisation of any of the nitroso compounds was 
attempted due to the risk of explosion or decomposition. The dry 
compounds were treated with great care.
Complete nitrosation was shown in each case by the absence
-1of absorption in the >N-H region of the X.R. spectrum (3200-2420 cm, ) 
and also by a shift in the carbonyl frequency frora that of the parent
•«I ”3^benzanilide (1640-1700 era. ) to the range 1670-1720 cm, , The yields 
of product were always less than 100% owing to the solubility of the 
product in the aqueous solution.
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TABLE 3
P re p a r a t io n  o f  N -N 1 1 r o  s o b e n z a iii 1 i  de s
> x
Yield
R X (%) m.po
3-Br 4 “Cl 69 57 (deoomp.)
4-Br 4-01 59 71 (decoiap, )
4-NO 4-Br 64 73 (deoomp,)
3-Me 4-Cl 58 65 (decoïiip, )
4 -Me 4-Cl 60 60 (decornp, )
3-NO^ 4-Cl 70 81 (decomp,)
4-N0„ 4‘Cl 84 66 (deoorap. )
2 -Br 4-Cl 08 62 (decomp.)
2,4,6-
triBr 4-Cl 80 95
4-Br 4-Br 75 80 (decomp,)
2,6- 
diCl 4-01 90 67
H 4 “Me 20 62 (deoomp.)
H 4-NO 58 79 (decomp.)
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E Phenols
i ) 2,3,5 -T rib rortio pheno 1
A solution of o-anisidine (25 g.) in acetic acid (60 ml,) 
was stirred and cooled to 0° while bromine (64 g.) was added dropwise.
The resulting solid was filtered off and suspended in acetic acid.
Bromine (48 g.) was ad-:Aed and the mixture was boiled under reflux
for 2 hours, and.then allowed to cool. The precipitate was recrystallised
from ethanol, giving 2-methoxy-3,4,8-tribromoanilino (23,8 g,), m.p,
97-99° (lit. 102°).
A solution of 2-methoxy-3,4,G-tribromoaniline (23,0 g,) in 
ethanol (134 ml.) was treated with concentrated sulphuric acid (13 ml.) 
in small portions, the whole being* stirred and cooled so that the 
temperature did not exceed 20°, Sodium nitrite (5,2 g,) was then 
added in small portions over 1 hr. The mixture was boiled under reflux 
for 1§ hrs. to decompose the diazo compound,and poured into water.
The precipitate was reorystallised from ethanol, giving yellow crystals 
of 2,3,5-'tribromoanisole (13 g,), m.p, 76-78° (lit. 82°).
To a solution of the tribromoanisole (5 g.) in acetic acid 
(20 ml.) was added dropwise hydrobromic acid (60%, 10 ml.) and the 
mixture was boiled under reflux for 4 hrs., during which hydrobromic 
acid (5 ml.) was added every J hr. A white precipitate was obtained 
by pouring the cooled reaction mixture into water. The solid was 
dissolved in hot potassium hydroxide solution, and the phenol precipi­
tated by adding sulphuric acid (20%). Eecrystallisation from light
4G ,1
petroleum (b.p. 40-60°) gave 2,3,5-tribromophenol (2.1 g,, 48%) m.p, 92° 
(lit, 95°). G.L.C, analysis showed that this phenol contained no
impurities. The N.MiR. spectrum was consistent with 2,3,5-tribroniophenol, 
showing absorptions at T « 4.36(-OH) and two doublets (2 H.), centres
at ?f=3 2,60 and 2.8, with J = 2.2 c/s.
139(ii) 2-Chloro -3,5-dibromophenol.
Bromine ( .40 ml.) was added dropwise to o^ -ohloroph§.n.QX.
(25 g,),, containing a pinch of iron powder. The reaction mixture 
was allowed to stand overnight, and then the excess bromine was driven 
off by heating on a water-bath. Dilute hydrochloric acid (1:1, 200 ml.) 
was added, and heating was continued for a further 2 hrs, until the 
iron salts had dissolved. The remaining' solid was recrystallised from 
ethanol, giving cream-coloured needles, 2-ohloro-3,4,5,G-tetrabromophenol 
(66 g., 32%), m.p, 220-221° (lit. 222°), The N.M.E,spectrum showed 
the absence of aromatic protons, i.e. the compound was fully brominated.
The 2-chloro-3,4,5,6-tetrabromopheno1 (34 g.) and aluminium 
chloride (59,5 g.) were boiled under reflux with benzene (35 ml.) for 
4 hours, until the mixture became very dark and the evolution of white 
fumes had ceased. The mixture was poured on to ice, and concentrated 
hydrochloric acid was added so that the mixture was strongly acidic. 
Extraction with ether gave a solid, which was dissolved in an excess 
of light petroleum (b.p. 40-60°), and extracted with potassium hydroxide 
(2N). Acidification of this alkaline extract yielded a white solid, 
recrystallisation of which from light petroleum (b.p, 40-60°) gave
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2-chloro-3,5-dibromophenol (12,8 g,, 58%), m.p, C3-C5° (lit. 66°),
Tho I,R. and N,M.E. spectra v/ere in accordance v/ith this structure, the 
latter shov/ing absorptions at r = 4,37 (-OH) and two doublets (2 H), 
centres r = 2.62 and 2.8, with J = 2,2 c/s, GUL.C, analysis showed that 
the compound was pure.
(iii) 2,4,6-Tribromophenol ^
Bromine was added dropwise to a stirred solution of phenol 
(5 g,) in water, until the solution acquired a permanent yellow colour.
The white solid formed was recrystallised from light petroleum (b.p,
40-60°), giving 2,4,G-tribromophenol (8.4 g., 50%), m.p. 92 (lit. 95 ),
141(iv) 4-Chloro-2,G-dibromophenol
Bromine (12,8 g.) in acetic acid (25 ml.) was added dropwise 
to a stirred solution of g^-chlorophenol (5,14 g.) in acetic acid (25 ml.). 
Water was added, giving a white precipitate, v/hich was recrystallised 
from ethanol to give white needles (6.8 g., 61%), m.p, 89-90° (lit.  ^ 90°).
The I.E. spectrum was in accordance with this structure.
(v) 2 -Chloro -4,6 -dibromophenol
o^-Chloropheno 1 (2,6 g.) was dissolved in a mixture of acetic 
acid (15 ml,) and water (15 ml*). To the stirred solution was added 
dropwise bromine (6 go) in acetic acid (10 ml,). The white precipitate 
was recrystallised from ethanol, giving 2-chloro-4,3-dibromophenol 
(4.9 g., 85%), m.p* 74-76° (lit. 76°).
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The following esters were prepared by the Schotten-Baumann
F Esters
(i)
1 K emethod: (See Table 4),
TABLE 4
Preparation of Esters by Schotten-Baumann Method
Yield
R X o _ . o lit, m.p. Analysis
3 -Br 4-Gl 50 90-97 Pound: C, 49.0; H, 2.3. 
C. J-I^ BrClO requiresX O î-> a
C, 50.1; H, 2.6%
4-Br 4-Cl 50 105-106 Found: 0, 50,3; H, 3,0. 
C^gH^BrClO^ requires 
C, 50.1; H, 3,6%
4-Cl 4'Cl 65 95 “96 96
4 “Me 4“C1 75 93-100 97-98
H 4-Cl 55 103-104 1^3101-102
H 4-f/1e 59 73-75 14A71-72
2^3“
diCl 4-Cl 55 120-122 - Found: C, 51.7; H, 2.4.
^13”-'^ 3^^ 2 ^^guires 
C, 51.G; H, 2.3%
2,4,6-
IfriBr 4-Cl 40 96 Found; C, 33,4; K, 1.3.
C^gHgBrgClOp requires 
C, 33.3; H, 1.3%
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TABLE 4 c o n t
R X
3-Me 4-Cl
4-Cl-
2,6-diDr 4-Cl
2-01-4,3-
d'îBr
2-CJ. 4,5-
diBr
-01
4-Cl
4-Cl
4-Cl
2-Br 4-Cl
Yield(%)
67
35
50
60
52
64
m,pa
92-94
66
90-93
59-60
74-75
lit, m.p. 
100-101^43
Analysis
Found: C, 36.9; H, 1.7.
requiro.n 
C, 36.7; K, 1.4%
Found: C, 3 6 ,4 ;  H, I . 5 . ,  
ClsHgBrgClgOg requires 
C, 3 6 .7 ;  n, 1,4%
Found; C, 36.5; H, 1 . 1 ,  
C^gHgBr^ClgOg requires 
C, 36.7; H, 1.4%
Found: C, 50.4; H, 3 . 5 .
C ,qNn01_0_ requiresX O tfx /i
c,  5 3 .2 ;  H, 3.0%
Found: C, 50,3; H, 2.3, 
Cj^ gll BrClOg requires 
C, 50,0; H, 2.6%
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(ii) In the cases where the phenols are more strongly acidic, or 
in cases where the ester is otherwise difficult to prepare, the phenol 
and the acid chloride may react without the presence of a base. This 
method is illustrated by the preparation of 4-nitrophenyl 4-chloro- 
bensoate.,
£“Chlorobenaoyl chloride (2.2 g.) and p-nitrophenol (2 g.) 
were warmed on a water-bath until the evolution of hydrogen ohloride 
ceased, and the mixture became solid. Eecrystallisation from methanol 
gave 4-ni tro phenyl 4-chlorobenzoate (1/? g., 46%), m,p, 136^
(lit. 138°).
The following esters were prepared in a similar manner:
(See Table 5),
TABLE 5
R
Yield om.p. lit. m.p.° Analysis
/ 4 -hr 4-Br 29 113 114-115
4-Cl 4-Br 33 101 102
4-Cl 70 135 - Pound: C, 56.4;
H, 3.1.
C. H CINO requiresXo Of
C, 56.2; H, 2.9%
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(iii) 2j 6-Dichlorophenyl 4-Clilorobenzoate
2,6-Dichlorophenol (1 g.) and ^-clilorobensoyl chloride (1.1 g.) 
were dissolved in pyridine ( 25 ml.) and the mixture was boiled under 
reflux for 3 hours. After cooling, the solution was poured into an 
excess of hydrochloric acid. The product was recrystallised from 
methanol, giving the ester (1.1 g., 60%), m.p. 70,5° [Found; G, 51.9;
H, 2.6. C gH^ClgOg requires C, 51.G; H, 2.3%].
131(iv) Phenyl 4-nitrobenzoate
p--Nitrobenzoic acid (2*5 go), phenol (1.4 g.) and pyridine
(12 g.) were stirred in an ice-bath. while thionyl chloride (2 g.)
was added dropwise. After 3 hours, the reaction mixture was diluted
with water. The precipitate was washed with water and recrystallised
from ethanol, giving pale yellow needles (l.G g., 50%), m.p. 120-130°
(lit. 129°).
Satisfactory I.R. spectra, showing carbonyl absorption in the 
“1range 1720-1760 cm, , v/ere obtained frora all the prepared compounds,
G Halogenobenzenes
(i) 1 -Chloro-2,4,6-tribromobenzene ^
A solution of 2,4,6-tribroraoaniline (5 g.) in sulphuric acid 
(cl « 1,84, 9.5 ml.) was treated with a solution of sodium nitrite 
(2 g.) in sulphuric acid (d = 1,84, 10 ml.) and the mixture was stirred 
into acetic acid (20 ml.), the whole being ice-cooled. After 45 min.. 
a sample gave no precipitate with water, showing the absence of
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undiazotised amine. This solution was rapidly stirred into one of 
cuprous chloride (5 g.) in hydrochloric acid (d = 1.16, 25 ml,).
After the vigorous evolution of nitrogen had ceased, the mixture was 
gradually heated to boiling, cooled, and then diluted with water. The 
resultant solid was washed with hot dilute hydrochloric acid and then 
with water. Recrystallisation from ethanol gave needles (1.42 g,, 27%), 
n»p* 87° (lit. 91°). Further recrystallisation did not raise the 
melting point, but G.L,C. analysis showed that this compound contained 
no impurity,
(ii) 1,2,3,5-Tetrabromobenzene
The method was essentially the same as that given for the 
preparation of l-chloro-2,&,6-tribromobenzene, cuprous bromide in 
hydrobromic acid being used in place of cuprous chloride in hydrochloric 
acid. The product had m.p* 95° (lit.  ^ 98°).
H 3-Bromobiphenyl
A solution of amyl nitrite (11.7 g.) in benzene (30 ml,) 
was boiled under reflux wAile a mixture of m-bromoaniline (8.5 g.) 
in benzene (30 ml.) was added dropwise over 30 min. The mixture was 
then boiled under reflux for a further 1 hour. The solvent was 
evaporated, and the product (4.4 g., 38%) distilled at 100°/0,15 mm*
(lit. ^1 6 0 ° / 1 7  mm.)* [Found: C, 61.6; K, 3.7. Calc, for 
C H Br: 0, 61*9; H, 3.9%]a The I.R. and N.M.R. spectra ware consistent
vdth the 'above structure, the latter spectrum shovdng only a complex 
Multiplet at T K 2.3*^ 3^ 0.
53*
I Benzyrie Traps
i) Anthracene
Commercial anthracene was purified by co-distillation 
with ethylene glycol.
ii) Furan
After distillation, the furan was stored over molecular
sieve.
iii) 2,3^,5-Tetraphenylcyclopentadienone
Benzil (5 g.) and dibenzyl ketone (5 g.) were heated 
in ethanol (60 ml.) until the solution almost boiled. A solution 
of potassium hydroxide (0,5 g,) in ethanol (5 ml.) was added slowly, 
and the mixture was then boiled under reflux for 10 min. After 
being cooled in ice, the mixture deposited dark“coloured crystals, 
Recrystallisation from a mixture of benzene/ethanol (1:1) gave 
dark purple crystals (9 g,, 91%), m.p. 222°, lit, 224°. A 
satisfactory I.R. spectrum was obtained.
J Benzyne Adducts
i) 1,4“Dihydronaphthalene-1,4-endoxide
A mixture of amyl nitrite (9.25 g,) and furan (9 g.) 
in methylene ohloride (150 ml.) was boiled under reflux, while a 
solution of anthranilic acid (10 g.) in acetone (55 ml,) v/as added 
dropwise over 2 hours. The solvent was removed by distillation, and 
the product distilled at 6S“73°/0,05 mm. Recrystallisation from
54^
light petroleum (b.p. 60-80°) gave white crystals of the adduct 
(0.38 go, 4%) Kiop. 55°, mixed m.p. 55-56°, (lit. 55-56°). The
I.R. spectrum of this compound was identical with that of an 
authentic sample.
ii) 1,2,3,4-Tetraphenylnaphthalene
A mixture of tetraphenylcyclopentadienoiie (11 g.) and amyl 
nitrite (3.8 g. ) in methylene chloride (SO ml.) v/as boiled under 
reflux, while a solution of anthranilic acid (4 g.) in acetone 
(22.5 ml.) v/as added dropv/ise over 1 hour. The solvent was removed, 
and the dark solid v/as chromatographed on alumina. Elution with a 
mixture of light petroleum (b.p. 40-80°)/benzene (4:1) gave a white 
solid v/hich, when recrystallised from acetic acid, gave 1,2,3,4- 
tetraphenylnaphthalene (7.2 g., 54%), m.p, 199° (lit. 204°).
Further recrystallisation did not raise the m.p. The I.E. spectrum
was in accordance with this structure. The N*M,R„ specti’um showed two
phenyl resonances at 3.22T(10 H) and 2.83 t (10 H) due to the
P~and the a-plienyl groups respectively. All the protons on any
one phenyl group have almost the same chemical shift, giving rise to
broad singlets. There is also an AA'BB* spectrum typical of an
o^~disubstituted benzene, with A- resonances c^ 2.4 t and B resonances
c^ 3.7 T.
Also prepared by the above method, using the appropriate 
anthranilic acids, were the following. (See Table 6).
XBr
Ph
rh
Yield(%)
00
55, 
TABLE .6
m.p,
243-244
lit, m.p, Analysis
Found: C, 00,2, H, 4.8,
C_ .IT 3 r  requires 34 23
C, 79,9; ÎI, 4.5%
Me 70 223 222 104 Found: C, 93.8; H, 5.9. 
Calc, for C, 94.1;
H, 5.9%
oTho 6-methyl adduct had mixed m.p. of 223 with an
authentic sample (m,p. 223 ) supplied by Professor Rees,
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The I.R, spectra were in accordance with these structures 
The spectra are detailed below.
Br
Absorption (t ) Nature of Absorption
3.24
2.03
2,7
2,49
2.31
broad singlet (10 H) 
broad singlet (10 H) 
double doublet (1 H) 
double doublet (1 H) 
double doublet (1 H)
J(c/s)
3.2, 1.8
8.2, 0.0 
1,0, 0.8
>roton
fojr^ 
Absorption
P-phenyl
a-phenyl
«V
possibly H,
possibly
Me 7.C
3,2
2,84
2.83
2.62
2.4?
broad singlet (3 H) 
broad singlet (10 H) 
double doublet (1 II) 
broad singlet (10 H) 
double doublet (1 H) 
double doublet (1 H)
2*0, 0.8
8.5, 0.3
methyl 
p-phenyl
a-phenyl
possibly
possibly H8
iii) 5 -Methyl -1,2,3,4 -tet raplienylnaphthal ane
A sample (m.p. 242-243^) for N.II.R, spectral studies was 
kindly supplied by Professor C.W, Rees. The spectrum showed a broad 
singlet at 0.01 T (3 H) and three phenyl absorptions at t 3.10 (10 II) 
[(3-phenyl groups] and T = 2.84 (5 K) and 2,79 (5 H) [a-phenyl groups]. 
The absorption of the remaining aromatic protons could not be resolved 
due to the low concentration of the solution.
K 2-Arnino-4-bromobenzoic acid
5-Bromoisatin (22.6 g.) was dissolved, by warming, 
in aqueous sodium hydroxide solution (12 g, in 300 ml.). Hydrogen 
peroxide (100 vol., 7.40 g.) was added in portions until oxidation 
was complete, as shown by the absence of the isatin colour on 
acidification of a portion of the reaction mixture. The solution 
was cooled, and almost neutralised with hydrochloric acid (1 N),
It was then filtered through charcoal, giving a yellow solution, 
which, on careful acidification with dilute hydrochloric acid yielded 
a yellow solid. Recrystallisation from aqueous ethanol gave yellow 
needles (6,4 g., 30%), m.p. 220^ (lit. 222°). The I»R. spectrum 
of this compound was consistant with 2‘-araino'-4-bromobenzc>ic acid, 
[Found: C, 39,1; H, 3.0. Calc, for C,;-I BrHO : C, 33.9; K, 2.8%].
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I IT REACTIONS OP N-NITROSOACYLARYLAMINES IN ORGANIC SOLVENTS
A Decomposition of 4*-Chloro-N-Nitrosobenaanilid© in Chlorobenzene
4-Chloro-N-nitrosobenzanilide (3.08 g,) and chlorobensene
(26,5 g.) were stirred together at room temperature, the apparatus
being protected by a drying tube. There v/as a vigorous evolution
of nitrogen, and the mixture became very dark brov/n in colour. To
ensure completion of the reaction, the mixture was boiled under
reflux for 8 hours. p~Chlorofoenzolc acid (1,00 g,, 0.93 m/m.) m.p,
oand mixed m.p. 239-241 v/as removed. G.L.C. analysis of the solution 
(10% PEGA, .2% NK3S/140^) showed the presence of o^  m^and p-chlorobiplienyl 
The m and p isomers could not be separated on the D.6. G.L.C., but 
the combined yield of these was found to be 0,42 g. (0.19 m/m.) while 
the yield of the o-isomer v/as 0.62 g. (0,23 m/n,) Using a capillary 
column in the P. 11. G.L.C., the ratio of isomers v/as found to be 
o;m:p ~ 60:23:17.
The chlorobenzene v/as distilled off, and the isomeric 
mixture of biphenyls (0.94 g.) distilled from the residue (b.p,
65-80^/0.1 ram,). The I.R. spectrum of this mixture was identical 
with that of an authentic mixture.
No other products were isolated.
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B Reactions of N-Nitroso a. .cyl aryl ami ne s in Benzene 
1) Mono-Substituted 4-Chloro-N-Kitrosobenzani1ides
a) General Procedure
The nitrosoacylarylamine was added to the solvent, 
and the mixture was stirred at room temperature overnight, the 
apparatus being protected from atmospheric moisture by a silica-gel 
guard tube. A feathery precipitate soon appeared in place of the 
amorphous nitroso compound. To ensure completion of the reaction, 
the mixture was then boiled under reflux for 6 hours and allowed 
to cool, A solid was precipitated in all cases. This, after 
recrystallisation from acetic acid, was shown by m.p., mixed m.p., 
and I.R. Spectrum to be gychlorobenzoic acid. After the removal of 
the bulk of the solvent by distillation, a further precipitate appeared, 
which was also shown to be p_-chlorobenzoic acid. The remaining 
solution was distilled under reduced pressure, yielding, in a.ll cases, 
the appropriate substituted biphenyl. The involatile residue was 
chromatographed on alumina.
b) 4-Chloro-N-Ni trosobenzani1ido
The nitroso compound (3.6 g.) was allowed to decompose 
in benzene (175 ml,), yielding p^-chlorobenzoic acid (1.9 g, , 0.03 m/m. ), 
m.p, and mixed m.p. 244-245°. Distillation of the solution gave 
the following fractions: (a) a colourless liquid (11.2 g.), b.p.
80°, (b) a yellow solid (0,39 g.), b.p. 130°/11 mm., (c) a yellow 
solid sublimate (0,06 g.), bath temp, 160°/0.03 mm., and (d) a residue 
(0,46 g.).
60
Fraction (a) was shown to bo pure benzene by G.L.C,
(2% NPGS, 10% SIL/170°).
Fraction (b) wa.s reorystallised from light petroleum 
(b.p. 60-00°) giving biphenyl (0.82 g., 0,30 m/m.), m.p. and mixed 
m.p, 70-71 o The I.R, spectrum v/as identical with that of authentic 
biphenyl, G.L.C, analysis showed the absence of any impurities.
G.L.C. (2%KPGS,, 10% SIL/170°) of fraction (c) showed 
only 1 peak, the retention time of which corresponded to that of phenyl 
4-chlorobenzoate (20 mg,). Benzene was added to this fraction and the 
insoluble gychlorobenzoio acid (30 mg.) filtered off. Chromatography 
of the solution, followed by recrystallisation of the product from 
methanol, gave phenyl 4-chlorofoenaoate, m.p, and nixed m.p, 103-104°, 
Chromatography of fraction (d) with light petroleum 
(b.p, 40-60°) gave a white solid, Recrystallisation from methanol 
gave phenyl 4-clilorobenzoate (10 mg,), m.p, 101-103°, mixed m.p, 
102-103°, The total yield of ester produced in the reaction was 
30 mg, (0.01 m/m,).
c) 4 *-Bromo-4 -Chloro-N-Hi t rosobenzani11de
The nitroso compound (4.94 g,) was allowed to decompose 
in benzene (183 ml,) , pt-Chlorobenzoic acid (1.07 g., 0.80 m/m.), 
m.p, 239-241 , mixed m.p, 240-242°, was removed as previously described. 
Distillation of the solution gave the following fractions; (a) a 
colourless liquid (13,1 g.), b.p. 79.5-80.5°, (b) a colourless 
liquid (1,4 g,), b.p. 30°/12 mm., (c) a yellow solid (2.2 g.), b.p, 
100°/3,5 mm., and (d) a residue (1.1 g.).
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G.L.C, (10% PEGA, 10% v3IL/100°) showed that fraction (a) 
was pure benzene, while fraction (b) was benzene containing a trace 
of broinobenzene (6 mg., 0.003 m/in.).
The I.R. spectrum of fraction (c) was identical with that 
of 4“bromobiphenyl, Recrystallisation from methanol gave 4-broraobi- 
phenyl (1.72 g., 0.50 m/m.), m.p. and nixed m.p. 87-88°. G.L.C.
(10% CAR, 10% SIL/190°) showed the absence of any impurity.
Fraction (d) was chromatographed on alumina. Elution
twith benzene/ether (1:1) gave 4-*bromo-4*-chlorobenzanilide (0,12 g., 0.03
m/m,), m.p, and mi xed m.p, 214-215°.
d ) 4 -Chi oro-4* -RIethyl -N -N i t ro sobenzani 11 de
The nitrosoamide (4.3 g,), decomposed in benzene (200 ml.) ,
yielded pgchlorobenzoic acid (2.8 g,, 0.90 m/m.), m.p, 838-240°,
mixed m.p. 239-241°, Distillation of the solution gave the following
fractions; (a) a colourless liquid (10.3 g.), b.p. 80°, (b) a solid
(0.37 g.), b.p. 80°/T mm,, and (c) a residue (0.65 g,),
G.L.C. (10% CAR, 10% SIL/100° and 190°) showed that
fraction (a) was pure benzene, and that fraction (b) contained only
one compound, the I.H. spectrum of which suggested a substituted
biphenyl. Recrystallisation from methanol gave colourless plates
(0.95 g.), m.p. 47°, [Found: C, 93,1; H, 6.9%, Calc, for C H :J- o 12
C, 92,S; H, 7.2%]. The literature m,p. for 4-methylbiphenyl was
48°. The M.M.R. spectrum showed absorption at T = 7.85 (3 H) and a 
complex multiplet at T = 2,4-3.2 (9 H), This fraction (b) is 
therefore 4-methylbiphenyl (0.95 g., 0.37 m/m.).
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Fraction (c) was chromatographed on alumina. Elution 
with ether/benzene (1:1) gave 4'-methyl-4-chlorobenzanilide (0.09 g,, 
0,02 m/n,), m.p. and mixed m.p. 211-212^. The I.U. spectrum confirmed 
the identification,
e) 3 ^ -Bromo-4-Chloro-N-Ni trosobenzanilide
Decomposition of the nitroso compound (3,5 g.) in benzene 
(134 ml.) yielded gi“chlorobenzoic acid (1.5 g., 0,92 m/m,), nup. 
and mixed m.p. 240-242°. Distillation of the mixture gave the following 
fractions: (a) a colourless liquid (9.7 g.), fo.p, 79-00°, (b)
a liquid f a solid (1.8 g,), b.p. 90-92°/0.05 mm., and (c) a residue
(0.6 g . ) .
Fraction (a) was shovm to be pure benzene by G.L.C.
(IQ% PEGA, 10% SIL/100° and 200°).
Benzene was added to fraction (b) and the insoluble 
^^chlorobenzoio acid (0.02 g»), m.p, and mixed m.p, 240-241°, removed. 
G.L.C, of tho solution showed that only one compound was present, 
with retention time equal to that of 3-bromobiphenyl (1,5 g„, 0,62 
m/m,). The solvent was removed, leaving a pale yellow liquid whose 
I,R, spectrum was identical with that of authentic 3-bromobiphenyl.
Fraction (c) yielded only intractable gums when chromato­
graphed on alumina.
6:
f) 2  ^-Bromo-4-Chloro-N-Ni trosobenzani1ide
The nitrosobenzanilide (2.02 g,), decomposed in benzene 
(75 ml,), yielded £-chlorobenzoic acid (0.74 g,, 0,^7 o/p), 
m,p, and mixed m.p, 239-241°, Distillation of the mixture gave the 
following products: (a) a colourless liquid (12,2 g.), b.p. 79-30°,
(b) a pale yellow liquid (0.95 g.), b.p. 100~105°/0,1 mm,, and (c) 
a residue (0,45 g,).
By G.L.C. (10% PEGA, 10% SIL/100° and 200°), fraction
(a) was shown to be pure benzene, and fraction (b) was shown to 
contain one compound, 2-bromobiphenyl (0,95 g., 0.00 m/m,). Fraction 
(fo) was further identified by its Ï.R, spectrum.
Fraction (c) gave no identifiable products on 
chromatography,
2 e 2 *,4,6*-Trichloro-N-Nitrosobenzanilide
The nitroso compound (C.9 g.) was stirred overnight 
in benzene (345 ml.) at room temperature, the apparatus being 
protected from atmospheric moisture by a drying-tube. To ensure 
completion of the reaction, the mixture was boiled under reflux 
for 6 hours, and allowed to cool. No precipitate was formed.
The bulk of the solvent was removed by distillation, leaving a 
solid (0.45 g.) which, from the I.E. spectrum,seemed to be a mixture 
of gychlorobenzoic acid and anhydride. By fractional crystallisation 
from benzene these two compounds were isolated; £-chlorobenzoic 
acid (0,19 g., 0,001 m/m.), m.p. and mixed m.p. 241-243°, and 
gychlorobenzoic anhydride (0.23 g., 0.001 m/m,), m.p. and mixed 
m.p. 191-192°. Distillation of the solution gave the following
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fractions: (a) a colourless liquid (11,4 g,), b.p, 00°, (b) a
yellow liquid (1,2 g,), b.p. 90°/10 mm., (c) a mixture of a solid 
and a liquid (0.65 g.), b.p. 105°/0.05 mm., and (d) a residue
(6 g.),
G.L.C. identified fraction (a) as benzene.
The Sharp smell and the I.R. spectrum indicated that 
fraction (b) was possibly p-chlorobenzoyl chloride. A portion 
(0,5 g.) was added to a suspension of aniline (0.26 g.) in sodium 
hydroxide solution (10%, 20 ml.). The mixture was shaken and a 
white solid separated. Recrystallisation of this solid from ethanol 
gave 4~ohlorobenzanilide, identified by m.p, 194°, mixed m,p.
193-194° and I.R. spectrum. A second portion (0,6 g.) was esterified 
by boiling under reflux with ethanol (5 ml.) for 4 hours, G.L.C,
(10% PEGA, 10% SIL/1G0°) of the resulting solution showed the 
products to be 1,2,3-trichlorobenzene (0,075 g.) and ethyl 4-chloro- 
benzoate (0,48 g.). The original solution must therefore have 
contained 1,2,3-trichlorobenzene (0,15 g., 0,03 m/m.) and p-chloro- 
benzoyl chloride (0.92 g., 0.19 m/m.). The solvent was removed 
from a portion of the esterified solution, and the I.R. spectrum of 
the product was identical with that of ethyl 4-chlorobenzoate,
T.L.C. of fraction (c) in benzene showed the presence 
of 4 components, guChlorobenzoic acid was removed by dissolving the 
other components in benzene. Chromatography on alumina (benzene 
elution)' gave only one solid (0,25 g,), m.p, 64-65°, the I.E. 
spectrum of which indicated that it contained a hydroxj^ l group. This 
compound was later identified as 2-chloro-6-hydroxybiphenyl (See p. 66)
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Chromatography of fraction (d) gave the following fractions:
(e) a yellow oil (1.87 g.) by elution with light petroleum (b.p. 40-60°)/ 
benzene (1:1), and (f) 2^  ,4,6*-trichloroben.zanilide (0.9 g,, 0,11 m/m.), 
m.p, and mixed m.p, 193-195°, by elution with benzene/ether (1:1).
Further identification of fraction (f) was possible by comparison of 
the I.R. spectrum with the authentic spectrum.
Fraction (e) eventually solidified, T.L.C. showed the 
presence of only one component, and the I.R. spectrum showed absorption 
at 1730 cm. , indicating that it was probably an ester. Recrystallisation
from methanol gave colourless needles, m.p, 79-30°. [Found; C, 66.5;
JS6H, 3.4; Cl, 20.6%]. The ester (0.48 g.) was hydrolysed by boiling 
under reflux with sodium hydroxide solution (20%, 10 ml.) for 8 hours.
The mixture was made acid to Congo red indicator and then sodium 
carbonate (5% solution) was added until the solution was alkaline 
to litmus. On extraction with ether, and evaporation of the solvent, 
the phenol was obtained. Acidification of the alkaline solution 
precipitated pychlorobenzoic acid, m.p. and mixed m.p. 240-242°.
The I.R, spectrum of this acid was identical with that from an 
authentic sample. The phenol (0.19 g.^ when recrystallised from 
l^ght petroleum (b.p, 40-60°), had m.p. 66-67°, [Found: C, 70,2;
H, 4,3%], The N,I;kR. spectrum showed a singlet at T = 5,2 (hydroxyl), 
double doublets centred at T = 3,12, J = 3, 8.5 c/s, (1 H), at T = 
2.92,Je@,8,5c/s (1 li) and at T = 2,60, J = 3.5, 9 c/s (1 H), and
a broad singlet at T ~ 2.53 (5 H), The analysis and N.L.R. spectrum 
are in accordance with 2-chloro-6-hydroxybiphenyl (14 ) [C H^CIO 
requires C, 70,4; H, 4,4%].
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Cl
(15) (16)
The original ester would therefore be 2“chloro-6~(p-chlorobenzoyloxy)- 
biphenyl (15), (1*7G g,, 0.19 m/m. ) . [C g^Kj^^ Cl^ Og requires 
C, 66.5; H, 3,5; Cl, 20,7%], The above structures are assigned 
to the unknown compounds by analogy with the ester (16) formed in the 
reaction of 2 ' ,4 ,6’-trichloro-N'-nitrosobenzanilide with carbon 
tetrachloride (See p. 80 ).
The phenol from fraction (c) and the phenol formed in 
the hydrolysis of the ester were shown to be identical by I.R, 
spectra and from the mixed m.p. 65-67°.
3a K -Nitrosoacetani1ide
N-Hitrosoacetanilide (3,5 g.) was stirred in benzene 
(100 ml.) overnight, and then boiled under reflux for 6 hours. The
solvent was distilled off at atmospheric pressure, and the residue
o 'was distilled (60-65 /0.05 mms.), giving a pale yellow solid.
Chromatography on alumina gave biphenyl (1,83 g., 57%), m.p. 69-70,
mixed m.p, with authentic sample 89-71°,
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TABLE 7
Yields of Products (ni/n) Obtained in Reactions of 
4-Chloro-H“!ïitrosobenzanilidos with Benzene
R in
R.C^H^N(NO),CO.Ar H 4HV!e 4 -Br 3-Br 2,6-diCl 2-Hr
ArCOOH 0.00 0,90 0,00 0.92 0.05 0.77
(ArCO)gO 0 0 0 0 0,03 0
ArCOCl 0 0 0 0 0.19 0
X>hBr - “ 0.003
1,2,3,-triohloro
R.CgH^.Ph
a,C_H..O,CO.ArÜ 4s
Ar.CO.MiCgH^U
- — %" 0,03 —
0.33 0,37 0,50 0.C2 0 0,80
0.01 0 0 0 0 0
0 0.02 0,02 0 0.11 0
^  - ' - - 0,05
O'CO'Ay* 0,19
Accountanoe
of Ar 0,89 0,92 0.02 0,92 0,62 0.77
Accountanco
of R.C H-“ 0,39 0,39 0.53 0,62 0.38 0,686 %
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C Reactions of N-Nltrosoacylarylamines in Carbon Tetrachloride 
I Mono-Substituted 4-Chloro-N-Hitrosobenaanilides
(a) General Procedure
The N-nitrosobenzanilide was added to a 200 molar excess 
of the solvent, and the mixture was stirred overnight at room 
temperature, the apparatus being protected from atmospheric moisture 
by a silica-gel guard tube. To ensure completion of the reaction, 
the mixture was then boiled under reflux for 6 hours, when the 
solution became very dark in colour. The solution was allowed to 
cool, and the resultant precipitate was removed. In all cases this 
proved to be p^-chlorobensoic acid, and was recrystallised from 
acetic acid. Identification involved comparison of the I,R, spectrum 
with that from an authentic sample, m,p. and mixed m.p, with the 
authentic sample. The bulk of the solvent was removed by distillation 
and, on cooling the solution, a further precipitate was observed.
This was found to be g^-chlorobenzoic anhydride, and was recrystallised 
from dry benzene. This compound also was identified by m.p,, mixed 
m,p. and comparison of its I,E, spectrum with that of an authentic 
sample. The remaining solution was transferred to a small-scale 
distillation apparatus and all volatile products were removed successively 
by distillation (a) at atmospheric pressure (b) at 10-15 mm, and (c) 
at 0,02-0,05 mm. The involatile residue was chromatographed on 
alumina.
Control experiments showed that neither the acid chloride 
nor the acid anhydride was hydrolysed to the acid under the reaction 
conditions.
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( b )  4 - C h lo r o - H -N i t r o s o b e n z a n i l id e
4--chloro-N-nitrosobenzanilide (8,4 g.) was allowed 
to decompose in carbon tetrachloride (300 ml.), grOhlorobenzoic 
acid (1.71 go, 0,45 m/m,), m.p, 239-240°, mixed m.p. 240-241°, and 
pi-chlorobenzoic anhydride (1.05 g., 0.15 m/m.), m.p. 190°, mixed 
m,p, 190-191° were produced. Distillation of the solution gave the 
following fractions: (a) a colourless liquid (18,5 g,), b.p. 76.5°,
(b) a colourless liquid (1.1 g,), b.p. 131-133°/V60 mm,, (c) a yellow 
solid (1.2 g.), b.p, 100°/0,2 mm., and (d) a residue (1,1 g.).
G.L.C. analysis (10% PEGA, 10% SIL/80°) showed that fraction
(a) was pure carbon tetrachloride.
The I.R. spectrum of fraction (b) was identical with that 
of an authentic sample of chlorobenzene. Analysis of fraction (b) 
by G.L.C. (10% PEGA, 10% SIL/CO°) showed the presence of chlorobenzene 
(0.93 g., 0.25 m/m,).
Recrystallisation of fraction (c) from ethanol gave 
phenyl 4-chlorobenzoate,m.p. and mixed m.p. 103-104°, The I.R. 
spectrum of this product was identical with that of the authentic 
ester. G.L.C. analysis (2% HPGS, 10% SIL/130°) confirmed that 
fraction (c) was pure phenyl 4-chiorobenzoate (1.00 g,, 0.18 m/m.). 
Fraction (d), on chromatography on alumina, gave only 
intractable gums.
A similar reaction, carried out under an atmosphere of 
nitrogen, gave identical results.
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To investigate the possibility of phosgene being one of the
products, an aqueous aniline trap was connected to the reaction vessel
and a stream of nitrogen was passed through the reaction to carry any
gaseous products into the trap. This had been shown to be an effective
34method for trapping phosgene, “ but, in this case,no diphenylurea was 
found in the trap although the yields of other products were identical 
with those in the previous reactions.
(c) 4* Bromo-4-Chloro-N-Nitrosobenzanilide
The nitroso compound (7,4 g.) was decomposed in carbon 
tetrachloride (300 ml,); The precipitated g-chlorobenzoic acid 
(1.S5 g,, 0.49 m/m.), m.p. and mixed m.p. 240-242°, and p^-chlorobenzoic 
anhydride (1.2 g., 0,19 m/m.), m.p, and mixed m.p, 190-191°, were 
isolated. Distillation of the remaining solution gave the following 
fractions: (a) a colourless liquid (9.4 g.), b.p. 76.5°, (b) a
pale yellow solid (2.2 g.), b.p, 90-9G°/15 mm., (c) a pale yellow 
liquid (25 m.g.), b.p. 105°/15 mm., (d) an orange solid (0.53 g.), 
bath temp, 150°/0.1 mm., and (o) a residue (2.1 g.)«
Fraction (a) and the main distillate were shown by G.L.C, 
analysis (10% PEGA, 10% SIL/110°) to contain 1,4-dlohlorebenzene 
(0.32 g., 0,10 m/m.).
G.L.C. analysis (10% PEGA, 10% SIL/110°) showed that fraction
(b) contained p^-dichlorobenzene (0,4'? g., 0,15 m/m,), £-bromochlorobenzene 
(1.1 g,, 0,26 m/m.), and pgdibromobenzene (0.26 g., 0.05 m/m,). These 
three compounds could not be separated by T.L.C, Preparative G.L.C. 
gave three colourless solids: (i) ggdichlorobenzene, m.p. and mixed
m71.
,p, 50-51°, (il) g-bromochlorobenzene, m.p, and mixed m.p. 64-6G°,
and (ill) g-dibromobenzene, m.p, 84-85°, nixed m.p. 85-86°. The
I.R, spectra of these three compounds were identical with those of the
authentic samples,, . The pungent odour and the I.R, spectrum of fraction
(c) suggested that this fraction was ^-chlorobenzoyl chloride. Aniline
was added, giving an immediate white precipitate, recrystallisation
of which from ethanol gave white crystals, m,p. 193-184°, mixed m.p,
with authentic 4-chlorobenzanilide 194°. The I.R, spectra of this
compound and of 4-chlorobenzanilide were identical. This fraction
was thus identified as g^-chlorobenzoyl chloride (24 mg., 0.01 m/m,).
Recrystallisation of fraction (d) from methanol gave a
compound with m.p. 93-94°, which showed that this was not the expected
4-bromophenyl 4-chIorobenzoate. The I.R, spectrum was identical with
144 othat of authentic 4-chlorophenyl 4-chlorobensoate (lit. m.p. 95 ), 
and mixed m.p. was 93-94°, Hov/ever, G.L.C. analysis (2% NPGS, 10% 
SIL/190°) showed the presence of two components, 4-chlorophenyl 
4-chlorobenaoate (0.32 g., 0.06 m/m.) and 4-bromophenyl 4-chlorobenzoate 
(0,05 g,, 0,01 m/m.). The two compounds could not be separated by 
T.L.C,, ggChlorobenzoic acid (0.11 g.) was also isolated from this 
fraction.
The residue was chromatographed on alumina. Elution
with benzene/ether (l;l) gave a brown solid (0,35 g.), which on
recrystallisation from benzene/ethanol (1:1) gave yellow needles
(0.3 g,), m.p. 131-182°. [round; 0, 44,2; H, 2.5; N, 7.9%]. The
“1I.R. spectrum showed strong absorption at 1700 cli, . The structure 
of this compound has not yet been determined.
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In an attempt to discover phosgene among the reaction 
products, a second experiment was carried out, and the carbon 
tetrachloride distillate was examined. Ho phosgene was detected 
with phosgene test-paper, and addition of aniline to the carbon 
tetrachloride distillate yielded only a trace (3 mg.) of solid, 
which was shovm (m.p. 190° and mixed m.p. 197-8°) to be aniline 
hydrochloride. However, after a few days, the distillates became 
brown, and the presence of phosgene was indicated both by smell 
and by the blue colour produced with phosgene test-paper. Addition 
of aniline then gave a thick, white, water-soluble precipitate 
with m.p, 192-3°,. The I.R. spectrum of this compound showed a 
strong peak at 2020 cm, indicating an amine hydrochloride. The 
brown colour of the solution was discharged by the addition of 
cyclohexene, but, due to the low concentration, no conclusive 
detection of l,2~dibromocyclohexane was possible.
In a similar experiment, the distillate was examined 
immediately on 4 columns at 50-60°, but no peak corresponding to 
any possible phosgene precursor could be seen. The distillate 
was examined at regular intervals, but no further information 
v/as obtained,
(d) 4-Chloro-4 *-Nitro-H-Ni t rosobenaani1ido
The nitroso compound (C.20 g.) was allov/ed to decompose 
in carbon tetrachloride (390 ml,). V/hen the solution v/as heated, 
nitrous fumes were visible in the condenser. gyChlorobenaoic acid
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(2,85 g., 0,68 lîi/ïu,), m.p. 240-241°, mixed m,p. 242-243°, and 
pychlorobenzoic anhydride (0.72 g,, 0.09 m/m.), m.p. 190-192°, 
mixed m.p. 191-192°, were isolated. Distillation of the solution 
gave the following fractions: (a) a colourless liquid (16,2 g.),
b.p. 76.5°, (b) a yellow solid (1,5 g.), b.p. 116-118°/12 mm.,
(c) an orange solid (1.1 g,), bath temp, 160°/0.02 mm., and
(d) a residue (1,2 g.).
G.L.C. pjialysis (10% PEGA., 10% SIL/135°) showed that 
fraction (a) was pure carbon tetrachloride.
The I.R. spectrum of fraction (b) suggested it to be 
£>-ohloronitrotaenzene. Reorystallisation from methanol gave a compound 
with m.p. 83° and mixed m.p. with authentic pychloronitrobenzene 84°,
G.L.C, analysis as for fraction (a) showed that fraction (b) contained 
two components, gyohloronitrobenzene (1.36 g., 0.32 m/m.), and 
p^-dichlorobenzene (0.08 g., 0.02 m/m,). These two compounds could not 
be separated by T.L.C.
Fraction (c) was recrystallised from methanol, giving 
4-chlorophenyl 4-chlorobenzoate (0.80 g., 0.12 m/m,), m.p. and 
mixed m.p. 94-95°, The I.R, spectrum of this compound was identical 
with that of the authentic sample, G.L.C, analysis (2% NPGS, 10% SIL/ 
200°) confirmed the presence of only one ester, 4-chlorophenyl 4-chloroben’ 
zoate (0.80 g», 0.11 m/m.). p^-Chlorobenzoic adld (0.2 g.) was present 
in this fraction.
Fraction (d) was chromatographed on alumina, but no 
identifiable products were obtained.
7 4 .
( o )  4 - C h lo r o -4  ' H 'ile th yX -H - N lt r o s o b e n z a n i l id ©
4-Chloro“4'-methyl•“N-niti^osobenzanilide (10 g.) was 
decomposed in carbon tetrachloride (450 ml.), g^Chlorobenzoic acid 
(4.5 g,, 0,79 m/m,), m,p* 239-240°, mixed m.p, 240-241°, and 
^-chlorobenzoic anhydride (0,62 g., 0,06 m/m,), m.p. and mixed 
m.p, 192-193°, were removed. Distillation of the solution gave the 
following fractions: (a) a colourless liquid (8,3 g,), b.p.
76-77°, (b) a colourless liquid (0.90 g.), b.p. 53-55°/12 mm.,
(c) an orange solid (0.14 g.) bath temp. 130°/0,05 mm., and
(d) a residue (0.8 g.).
Analysis of fraction (a) bj? G.L.C. (10% PEGA, 10% SIL/ 
100°) identified p-chlorotoluene (0,23 g., 0,04 m/m.).
The I.R. spectrum of fraction (b) was identical to 
that of authentic pychlorotoluene. G.L.C. analysis of fraction
(b) (10% PEGA, 10% SIL/100°) showed that fraction (b) contained 
p-chlorotoluene (0,03 g,, 0.16 m/m.) with a trace of carbon 
tetrachloride »
Benzene was added to fraction (c) and the insoluble 
pychlorobenzoio acid (0.07 g.) filtered off. The solution was 
analysed by G,L.C. (2% HPGS, 10% SIL/I90°), and g^ -tolyl 4-chloro- 
benzoate (0.05 g., 0,005 m/m.) was shown to be present. The ester 
was separated from the acid by chromatography on alumina (5 g.),
Tho ester was recrystallised from ethanol, giving m.p. and mixed 
m.p, 98-100°, The identity of this compound was confirmed by 
comparison of the I.R. spectra. Chromatography of fraction (d)
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yielded only intractable gums.
(f) 3 ^ -Bromo-4"Chloro-N-Nitrosobenzanilide
The nitroso compound (9,7 g.), decomposed in carbon tetrachlorid 
(395 ml*), gave g^-chlorobenzoic acid (2.55 g,, 0.57 m/m.), m.p. 240-241°, 
mixed m.p, 241-242°, and g^-chlorobenzoic anhydride (1.00 g., 0.13 m/m,), 
m,p, 139-191°, mixed m.p, 190-192°, Distillation of the reaction mixture 
then gave the following fractions: (a) a colourless liquid (9,3 g.),
b.p, 76-77°, (b) a colourless liquid (2.0 g.), b.p. 69-72°/12 mm.,
(o) a yellow solid sublimate (0,15 g.), bath temp. 170°/0.02 mm,, and
(d) a residue (3,0 g,).
Fraction (a) was shown by G.L.C, analysis (10% PEGA, 10% SIL/ 
120°) to contain only carbon tetrachloride.
The loF, spectrum of fraction (b) was similar to that of 
m-bromochlorobenzene. This fraction was shown by G.L.C, (10% PEGA, 10% 
SIL/120°) to contain five components, chlorobenzene (0,004 g., 0.001 m/in.), 
bromobenzene (0.005 g., 0.001 m/m.), m-dichlorobenzene (0.04 g,, 0,01 m/m,), 
m-dibromobenzene (0,11 g., 0.02 m/m.), and m-foromochlorobensene (1*76 g.,
0.32 m/m,). These compounds could not be separated by T.L.C, The I.R, 
spectrum of a mixture of these five compounds was identical with that of 
fraction (b).
Benzene was added to fraction (c), and the insoluble 
pychlorobenzoic acid (0.11 g*) removed by filtration, G.L.C. analysis 
(2% NPGS, 10% SIL/200°) showed that the solution contained 3-bromophenyl
4-ohlorobenzoate (0,02 g., 0.002 m/m.). Evaporation of the solvent 
and recrystallisation of the solid from ethanol,,....,*
76.
gave 3-bromophenyl 4-chlorobenzoate, m.p, 93-95°, mixed m,p, 94-97°, 
Chromatography of fraction (d) gave only tars which were 
not further investigated,
(g) 2 *-Bromo-4-Chloro-H-Ni t rosobenzani1ide
2* -Bromo-4'-chloro-N-nitrosobenaani 1 ide (3.9 g, ) v;as 
decomposed in carbon tetrachloride (140 ml.). The presence of 
phosgene was indicated by a blue colouration on phosgene test-paper, 
but no diphenylurea v;as formed in an aniline trap, gyChlorobenzoio 
acid (0.52 g., 0*29 m/m), m.p. and mixed m.p, 241-243°, and 
p^-cMorobenzoic anhydride (0.59 g., 0,17 m/m,), m.p. 109-191°, 
mixed m.p, 190-191°, were produced. Distillation of the solution 
gave the following fractions: (a) a pale yellow liquid (14.3 g,),
b,p. 76-77°, (b) a yellow liquid (0,98 g,), b.p. 00-C5°/15 mm,,
(c) a yellow solid (0,12 g.), b.p. 90-100°/0,15 mm*, and (d) a 
residue (1.32 g.),
G.L.C, analysis (2% NPGS, 3% APL/90°) showed that 
fraction (a) was pure carbon tetrachloride.
G.L.C* analysis of fraction (b) [2% NPGS, 3% APL/90°] 
showed the presence of o_-dichlorobenzen© (0,20 g,, 0,12 m/m,), 
o_-bromochlorobenaene (0*34 g., 0.15 m/m.), and oydibromobenzene 
(0,30 g., 0,llm/m), These compounds could not be separated by 
T%L.C. Preparative G.L.C. (20% APL/200°) gave three colourless 
liquids, which, by comparison of the I.R, spectra with those of 
authentic samples, were shown to be o-dichlorobenzene, o^ -broinochloro- 
benzene and o^-dibromobenzene. This fraction had a pungent smell, and,
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on the addition of aniline, 4-ohlorobonzanilide (0.01 g-), m.p, 190-102°, 
mixed m.p, 191-192° was precipitated^ i.e. fraction (b) also contained 
g^-chlorobenaovl chloride (0,007 g,, 0,005 m/m,).
Analysis of fraction (c) by G.L.C, (2% NPGS, 3% APL/220°) 
showed that it contained only one ester, 2-chlorophenyl 4-chIorobonzoAto 
(0*03 g., 0,01 m/m.). This was separated from pychlorobenzoic acid by 
chromatography on alumina, followed by recrystallisation from ethanol. 
The product had m.p, 50-60°, mixed m.p. with authentic 2-chlorophenyl 
4-chlorobenzoate 59-60°.
The residue was chromatographed on alumina. Elution with 
benzene gave a brown oil which, on the addition of ether, gave a yellow 
solid (0.11 g,). This was recrystallised from benzene, and had m.p. 
226-229°, [pound; C, 44.0; H, 2.4; îï^ 7,9%]. Sodium fusion showed 
that this solid contained nitrogen and bromine, while the I.R. spootrum 
shov/ed absorption at 1690 cm.  ^ (>0=0) and 3390 cm.  ^ (>N-H), This 
compound has not yet been identified.
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2 , o-Pi substituted éOliloro-N -Nitrosobenzanilides
a) 2',4,G'-Trichloro-N-Nitrosobenzanilide
The nitroso compound (9.5 g,) v/as added to carbon 
tetrachloride (400 ml.) and immediately dissolved. The mixture 
was stirred at room temperature overnight, the apparatus being 
protected from atmospheric moisture by a drying-tube. The mixture 
was then boiled under reflux for 6 hours, nitrous fumes being 
visible in the condenser. On cooling the solution, a brown solid 
(0.95 g.) was deposited. All attempts to purify this compound 
by recrystallisation, sublimation and chromatography have so far 
failed. On distilling off the bulk of the solvent, a second brown 
solid (1*42 g.) was obtained. This, too, defied all attempts at 
purification* Distillation of the solution gave the following 
fractions; (a) a colourless liquid (0.9 g,), b.p, 76-73°,
(b) a yellow liquid (2,27 g.), b.p, 103-5°/10 mm., (c) an orange 
solid sublimate (0,36 g.), bath temp, 160°/0,15 mm,, and (d) a residue 
(3,45 g,),
Anal /^sis of fraction (a) by G.L.C, (10% PEGA, 10% SIL/100° 
and 150°) showed only carbon tetrachloride present.
so.
Fraction (h) had a pungent odour and tho I.U, spectrum 
indicatedgby comparison with the spectrum of an authentic sample, 
that it was p^-chlorobenzoyl chloride, A portion (0,38 g.) was 
esterified by boiling under reflux with ethanol (3 ml,) for 5 hours. 
Analysis of the resulting solution by G.L.C, (10% PSGA, 10% SIL/1C0°) 
sho7/e.d the presence of 1,2,3-trichlorobenzene (0,030 g,) and ethyl 
4-chlorobenzoate (0.38 g„). The I.R. spectra of the product 
after estérification and the authentic ester were identical. A 
second portion (0,5 g.) was added to a suspension of aniline (0.2S g.) 
in sodium hydroxide solution (10%, 20 ml.). The mixture was shaken 
vigorously and a white solid separated. Recrystallisation of this 
solid from ethanol gave 4-chlorobenzanilide, m.p, 194°, mixed 
m.p. 193-194°. Tho I.R. spectrum was identical with that of 
authentic 4-chlorobenzanilide. Fraction (b) thus contains
1.2.3-trichlorobenzene (0.22 g., 0.05 m/m.) and g-cblorobenzoyl 
chloride (2.05 g., 0.45 m/m.).
Fraction (c), on recrystallisation from ethanol, 
gave (i) gychlorobenzoic anhydride (0.03 g*, 0.004 m/m.), m.p. 
and mixed m.p. 191-192°, (ii) a white solid (0.23 g.) m.p*
117-119°, and (iii) p^-chlorobenzoic acid (0.09 g., 0,02 m/ra.), 
m.p. 239-240°, mixed m.p, 239-241°. The I.R, spectrum of fraction 
c(ii) was identical with that of 2,3-dichlorophonyl 4-chlorobenzoate, 
Mixed m.p. with the authentic ester was 118-119°. G.L.C, analysis 
(2% NPGS, 10% SIL/200°) showed the presence of only one compound,
2.3-dichlorophenyl 4-chlorobenzoate (0,21 g., 0.025 m/m.),
81.
Chromatography of fraction (d) gave, by elution with 
benzene/ether (1:1), 2*,4,6’“trichlorobensanilide (0.74 g,, O.086 m/m.) 
m.p* and mixed m.p, 190-191°, and I,R. spectrum identical mth that 
of the authentic sample.
Attempts to trap phosgene in this reaction using an 
aqueous aniline trap failed to produce an^ r diphenylurea, but chloride 
ions wet© shown to foe present in the trap by means of silver nitrate/ 
nitric acid.
b) 4“Chloro-2 *,4 *,6 * “Tribromo-N-Nitrosobensani1ide
The nitroso compound (9.95 g.) was dissolved in carbon 
tetrachloride (280 ml.) and the mixture was stirred overnight 
as before. After boiling under reflux for 0 hours, the mixture 
was allowed to cool, but no precipitate was obtained. There was 
no evidence of nitrous fumes in the reaction vessel.
When the bulk of the solvent had been removed by 
distillation, a precipitate did form. The Ï„R, spectrum indicated 
that this solid was neither p-chlorobensoic acid nor anhydride, 
but was probably a mixture of an ester and the starting benzanilide. 
T.L.C, on alumina showed the presence of two components. The 
solid was therefore chromatographed on alumina, the following 
fractions being obtained: (a) light petroleum (b.p, 40-60°)/
benzene (1:1) elution yielded a §fhite solid (1,65 g.), m.p. 18G°, 
and (fo) benzene/ether (1:1) elution gave 4-chloro-2',4’,6 *-triforomo- 
benzanilide (1,4 g,), identified by its I.R. spectrum and by the
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m.p. 209-211° and mixed m.p. 210-212°. The I.R. spectrum of fraction
“1(a) showed strong absorption at 1740 cm. , suggesting that this 
compound might be an ester. The identity of this compound will be 
discussed later (p. 03).
Distillation of the remaining solution gave the 
following fractions: (c) a colourless liquid (10,1 g.), b.p.
76.5°, (d) a colourless liquid (0.03g,), b.p. 110°/11 mm., (e) a
yellow solid sublimate (0.14 g.), bath temp. 180°/11 mm., (f) an 
orange solid sublimate (0,3 g.), bath temp, 150°/0,05 run., and (g) a 
residue (4.8 g,).
Fraction (c) was shown by G.L.C. (10% PEGA, 10% SIL/130°) 
to be pure carbon tetrachloride.
From the I.R, spectrum and sharp smell, fraction (d) 
appeared to bo £-'cJhlorobenzoyl chloride. Estérification of this fraction 
was carried out by boiling it under reflux with ethanol (1 ml.) 
for 3 hours. The solvent was removed from a portion of the solution, 
and the I.R. spectrum of the product was shown to be identical 
with that of authentic ethyl 4-chlorobenzoate, G.L.C. (10% PEGA,
10% SIL/190°) of the solution showed the presence of one component, 
ethyl 4-chlorobensoate (0.03 g.), which corresponds to the initial 
formation of pychlorobenzoyl chloride (0.03 g., 0,01 m/in.).
Fractions (e) and (f) were combined after T.L.C. had 
shown that they contained the same tv/o components. Benzene was 
added, and the insoluble gychlorobenzoic acid (0,15 g.) removed by 
filtration. Chromatography of the solution gave a white solid
S3
(0,25 g.), m.p, 90-93°, whose I.R, spectrum was almost identical 
to that of 1,2,3,5-tetrabroîuobensene. However, G*L,C. (2% ITPG8,
10% SIL/120°) of this solid showed the presence of two components,
1,2,3,5 '-tetrabromobensene (0,19 g,, 0,02 m/m. ) and 1 -chloro -2,4, G - 
tribromobenzene (0,05 g., 0.007 m/m.). These components could not 
be separated by T.L.C.
Fraction (g) was chromatographed on alumina after 
T.L.C, had shown that two compounds were present, the following 
products being obtained: (h) a white solid (0,6 g.), m,p. 100°,
by elution with light petroleum (bup^ 40-60°)/benzene (1:1) 
and‘‘ (j) 4-chloro-2*,4\ 6’-tribromobenzanilide (1,0 g.),
by elution with benzene/ether (1:1), identified by its I.R, 
spectrum, its m*p. 210-211° and mixed m.p. 211-212° with the 
authentic sample.
Fractions (a) and (h) had identical I.R. spectra and 
their mixed m.p. was 186-8°, These two fractions were combined 
for identification. The I.R. spectrum and the analysis [Found:
(i) C, 34,3; H, 1.6%, (ii) C, 35.2; H, 1,6%] supported neither 
a tribroniophenyl 4-ohlorobenzoate [Calc, C, 33.3; H, 1,3%] nor 
a chloro-dibromophenyl 4.-chlorobenzaote [Calc, C, 3G.Y; H, 1.4%],
Tho ester was hydrolysed in an attempt to identify the phenol 
and the acid. [of. Ref. 156]* The ester (0,5 g.) was boiled 
under reflux with sodium hydroxide (20%, 5 ml.) for 5 hours.
Since solid was still present in the reaction mixture, ethanol
(2 ml.) was added and the mixture was boiled under reflux for a further
Bêr.
2 hours. The solid (unchanged ester) was removed and the solution 
made acid to Congo Red indicator with sulphuric acid (2 N), when 
the acid separated as a faint precipitate. Sodium carbonate 
(5% solution) was added until the solution was alkaline to litmus 
and the precipitated acid dissolved. The phenol was extracted 
into ether, giving, on evaporation of the solvent, a yellow solid. 
Recrystallisation from light petroleum (b.p, CO-30°) gave a white 
solid (0.20 g.), m.p* 32-33°, Acidification of the solution 
precipitated ^-ohlorobenzoio acid (0,07 g.), identified by m.p. 
and mixed m.p. 239-241° and by its I.E. spectrum. The ÏT.U.R. 
spectrum of the phenol showed absorption at T = 4.3 (hydroxyl) and 
doublets, centred at t s= 2,59 (1 H) and T « 2.31 (1 H), J = 2.1 c/s, 
Qonsistent with a 2,3,5-tri-substituted phenol. This spectrum was 
very similar to those of 2,3,5-tribromophenol and 2-chloro-3,5- 
dibx-omophenol. The I.R. spectrum was very similar to that of
2.3.5-tribromophenol. G.L.C. (2% HPGS/I70°) showed that the 
phenolic portion contained two components, 2-chloro-3,5-dibromophenol 
and 2,3,5-tribromophenol in the ratio 1:S‘2, The original
ester fraction must therefore have been a mixture of 2-chloro- 
3,6-dibromophenyl 4-chlorobenzoate (0.31 g,, 0,04 m/m.), and
2.3.5-tribronophenyl 4-chlorobenaoate (1.93 g., 0,21 m/m,), A 
mixture of authentic samples of these two esters was prepared 
and the I.E. spectrum was found to be identical with that of 
fractions (a) and(h). This was further support for the identity 
of the two compounds, which could not be separated.
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S u b s t i t u t e d  4 -B ro m o -N '-H i t r o ^ jo b e n z a n i l id e s  [R ’ C^H^NCNO) •C O *C ^H ^*B r(g ) ]
(a) 4-“Bromo-4' -Hitro-Nitrosobenzanilide
The nitroso compound (6.80 g,) was stirred in carbon 
tetrachloride (277 ml.) overnight, the apparatus being protected 
from atmospheric moisture by a silica-gel guard tube. The mixture 
was then reîluxed for 6 hours to complete the reaction, nitrous 
fumes being evolved. The precipitate obtained on cooling the 
reaction mixture, and also that obtained by removing the bulk of 
the solvent, were shoma by I,R. spectra to be a mixture of p^ -bromo- 
benzoic acid and anhydride. To effect a separation, they were 
extracted with sodium hydroxide solution (2N, 50 ml,) to remove 
the acid. The solid left, was reorystallised from benzene, giving 
g^-bronobensoic anhydride (1,00 g., 0.13 m/n,), m,p, 216-217^, 
mixed m,p. 216-210^, The I.R. spectra of this compound and of the 
authentic anhydride were identical. The alkaline solution was 
acidified (HCl, 2IT) giving gybromobenzoic acid (2,56 g., 0.65 m/m,), 
m,p* 249-250°, mixed m.p, 249-251°.
Distillation of the solution gave the following 
fractions: (a) a colourless liquid (15.6 g,), b.p. 75-76.5°,
(b) a solid (1,2 g,), b.p. 110°/13 nmi,, (c) a solid (0,16 g,), 
b.p. 60°/0,l mm,, (d) a solid sublimate (0,62 g.), bath temp.
170°/0,1 mm. and (e) a residue (1,1 g,).
Analysis of fraction (a) by G.L.C. (10% PEGA, 10% SIL/130°) 
showed that it was pure carbon tetrachloride.
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The I.E. spectra of fractions (b) and (c) were almost 
identical with that of authentic p^-chloronitrobensene, A sample 
of fraction (b), after recrystallisation from ethanol, had m.p,
83-05^, mixed m.p, with authentic pychloronitrobenzene 84*-86^ ,
G.L.C. (10% PEGA, 10% SÏL/130^) showed that fractions (b) and
(c) contained the same four components, and analysis of the combined 
fractions showed ^-bx’cmonitrobenzene (0*03 g., 0,01 m/m.), p^chloro- 
ni t robenaene (1,16 g,, 0 « 40 m/m. ) , £"*dichiorobenaene (0,07 g.,
0,02 m/m.), and ^-bronochlorobenzene (0,007 g,, 0.02 m/m,). The 
compounds could not be separated other than by G.L.C,
By G.L.C. (10% SIL, 2% HPGS/gOO°), Sraotion (d) was 
shovm to contain only 4"Chlorophenyl 4-bromobenaoate (0.44 g., 0,07 m/m) 
Chromatography on alumina, followed by recrystallisation from 
methanol gave 4-chlorophenyl 4-bromobenzoate, m.p. 100-101^, mixed 
m.p, 101-102°. The I.E. spectrum was identical with that of the 
authentic ester.
Fraction (e) was chromatographed on alumina, but only 
intractable tars were obtained.
(b) 4,4*-Dibromo-K-Ni t rosobenganili de
4,4'-Dibrorao-N-nitrosobenzanilide (9,57 g. ) and carbon
tetrachloride (355 ml.) were reacted as in the previous experiment,
£-Bromobensoic acid (2.3 g,, 0,46 m/m.) m.p, 248-250°, mixed m.p.
249-250°, and p^-bromobensoic anhydride (1.6 g., 0,17 m/m. ),
om.p. and mixed m.p. 217^218 were isolated. Distillation gave the
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following fractions: (a) a colourless liquid (12*3 g.), b.p, 75-80°,
(b) a yellow solid (2.24 g,), b.p. 75~80°/l2 itoa,, (c) a liquid
(0,16 g.), b*p. 42“-45°/0.i mm,, (d) a solid sublimate (0.41 g,),
bath temp,380°/O.l mm,, and (e) a residue (1.5 g,).
G.L.C. of fraction (a) (10% PEGA, 10% SIL/150°) showed 
the presence of traces of £-dichlorobenzene (0.06 g., 0.01 m/m.) 
and g^-bromochlorobenzene (0,05 g,, 0,01 m/m,) in the carbon tetra­
chloride.
The I.E. spectrum of fraction (b) was indicative of 
£“bromochlorobenzenej a sample, after recrystalliaation from 
methanol, had m.p, 63°, mixed m,p. with authentic ^-bromochlorobenzene 
63-65°, However, G.L.C* (10% PEGA, 10% SIL/130°) showed that this 
fraction contained three components, jp-dichloroLeiisene (0,50 g,,
0.14 m/m,), p-bromochlorobensene (1,53 g,, 0.32 m/m,)  ^ and p-dibromo- 
benzene (0.39 g,, 0,07 m/m.), A mixture of authentic samples of 
these three compounds had an I.E. spectrum identical with that 
obtained from fraction (b), These three components could not be 
separated by T.L.C*
Fraction (c) was a solid when stored in ice, but 
liquified on warming to room temperature. This behaviour, the
1.E. spectrum and the sharp smell suggested that this fraction might 
be p^-bromobenzoyl chloride, A sample (0,05 g. ) was added to a 
suspension of aniline (0,02 g.) in sodium hydroxide solution (2N, 5 ml,)* 
The white precipitate was recrystallised from methanol, giving 
4-bromobenzanilide, identified by comparison of I.E. spectrum with
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that of an authentic sample, by m.p, and mixed m.p, 190-200°, A 
second sample (0,1 g.) was esterified by boiling under reflux with 
ethanol (2 ml.) for 2 hours. The presence of ethyl 4~bromobenzoate 
(0,1 g,) was shown by G,L,C. (10% SïL, 10% PEGA/195°) and also by 
the I,R, spectrum of the product obtained after evaporation of the 
solvent from a portion of the solution. Fraction (o) was therefore 
l^ -bromobenzojri chloride (Go 15 g,, 0,03 m/m,).
Fraction (d) was stirred in benzene and the insoluble 
pybromobenzoic acid (0,14 g.) filtered off. The solution was 
chromatographed on alumina and the product was recrystallised from 
ethanol to give white needles (0.25 g,) m.p. 90-99°, mixed m.p, 
with authentic 4-chlorophenyl 4-broniobenaoato 99-100°, The I.E. 
spectrum was identical with that of the authentic ester. However, 
G.L.C. (10% SIL, 2% N?GS/190°) showed the presence O"" both 4-chloro 
phenyl 4-bromobensoate (0,2 g., 0.03 m/m.) and 4-bromophenyl 
4-bromobensoate (0.04 g., 0.005 m/n,), These could not otherwise 
be separated.
Chromatography of fraction (e) produced a yellow solid 
by elution with light petroleum (b.p, 40-60°)/benzene (1:1), 
Eecrystallisation of this solid from benzene/ethanol gave yellow 
needles (0,25 g.), m.p.179-130°, From the I.E. spectra and the 
mixed m.p, (130-131°) this compound appears to be identical with 
the unidentified compound from the reaction of 4'-bromo-4-ohloro-N- 
nitrosobenzanilide with carbon tetrachloride (p. 7l),
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a) N-Nitrosoacetanilide (3.2 g.) was dissolved in carbon ■tetrachloride 
(135 ml.% Almost immediately a solid was precipitated. The mixture 
was stirred overnight at room temperature and then boiled under 
reflux for 6 hours, when the solid decomposed. Phosgene was detected 
by phosgene test-paper. The solvent was removed by distillation.
The residue was shown by G.L.C.analysis (2% NPGS, 10% 811/80°), 
to contain chlorobenaene (0.77 g., 0.35 m/m.) and phenyl acetate 
(0,13 g., 0.05 m/m.), Chrmraatography of the solution on alumina 
by elution with light petroleum (b.p. 40-60°) gave a colourless 
liquid, which was shown by G.L.C. to be a mixture of chlorobenzonc 
and phonyl acotato. Distillation of this mixture gayo (a) a 
colourless liquid (0,59 g.% b.p. 123-130°, with I.E.spectrum 
identical with that of authentic chlorobonsene, and (b) a 
colourless liquid (0,09 g.), bath temp. 120°/0.1 mm., with I.E. 
spectrum identical with that of phenyl acetate. No other products 
were obtained.
b) Estimation of Acetic Acid and Acetic Anhydride in 
Carbon Tetrachloride Solution.
Since acid anhydrides had been isolated in tho previous 
reactions in carbon tetrachloride, it was possible that acetic 
anhydride might be formed in the reaction of N-nitrosoacetanilide 
in carbon tetrachloride. It was therefore necessary to establish 
a method for the estimation of acetic anhydride in the presence 
of acetic acid in carbon tetrachloride solution.
(i) A solution of acetic acid (C.6D6 g.) and acetic anhydride 
(0,201 g,) in carbon tetrachloride (136 ml.) was extracted with 
sodium hydroxide solution. Back titration with standard acid, 
using bromothymol blue as indicator, gave a value of 0,920 g. for 
the total acid present in the solution. Acetic acid produced by 
hydrolysis of the acetic anhydride would amount to 0,240 g., making 
the total acetic acid present in the solution equal to 0.926 g. 
Extraction with alkali obviously gives an accurate determination
of the total acetic acid originally present together with tho acetic 
acid produced by hydrolysis of acetic anhydride,
(ii) To a solution of acetic acid (0.634 g.) and acetic anliydride 
(0*203 g.) in carbon tetrachloride (135 ml.) was added aniline 
(0,4 g,). The mixture was shaken vigorously and allowed to stand 
for half an hour. The reaction mixture was extracted with alkali. 
Back titration as described in (i) above gave a value of 0,750 g, 
for the total acid present. However, in this case, only 1 mole
of acid is formed from the anhydride by reaction with aniline, and 
so the expected value for the total acid in the solution would be 
0,753 g, acetic,acid.
It is therefore possible to estimate accurately 
the amounts of both acetic acid and acetic anhydride in a solution 
by finding (a) total acetic acid from acetic acid + acetic 
anhydride and (b) total acid content after reacting the anhydride 
with aniline. The difference (a) - (b) is equivalent to one half 
of the acetic acid produced by hydrolysis of the acetic anhydride.
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The total anhydride concentration can be easily calculated, and 
hence the amount of acid from (a),
(ill) Decomposition of H-Hitrosoacetani1ide in Carbon Tetrachloride 
N-Nitrosoacetanilide (2,4 g.) was allowed to decompose 
in carbon tetrachloride (100ml,) as described in section (a), A 
portion of the solution was extracted with sodium hydroxide solution.
Bach titration gave the total quantity of acetic acid in the mixture 
as 0,76 g. To another portion of the reaction mixture was added 
aniline. Back titration then gave a value of 0,61 g, for the total 
acetic acid in the solution. The difference in these values can 
be accounted for by the presence of acetic anhydride (0.22 g,,
0,15 n/m,), which would give the amount of acetic acid present 
originally as 0,40 g. (0,54 m/in.).
Attempts to distil the acetic anhydride from the 
reaction mixture failed.
(&). H-Nitrosoacetanilido (3,9 g,) was allowed to decompose
in carbon tetrachloride (100 ml.) as above. The solvent was
removed and the remaining solution was distilled, giving the
following liquid fractions; (a) 9,3 g., b.p. 77°; (b) 4,lg.^ b.p.78r85°;
(c> 0.Ü5 E,, b.p. 85-125°; (d) 0.39 g., b.p. 125-140°; (e) 0.19 g.,
b.p. 110°/12 mm.,and (f) a residue (0,75 g,).
Fraction (a) gave a white solid <0.100 g.) on
addition of aniline. The I.E. spectrum of this solid showed
—1absorption at 2020 cm, , indicating an amino hydrochloride.
9 4 .
Tho m.p. was 194 . mixed m.p. with authentic aniline hydrochloride 
195-190°.
Addition of aniline to fraction (b) gave a solid 
(0.04 g.). The I.R, spectrum of this solid showed the presence 
of aniline hydrochloride, but also a compound with >N-H and >C=0, 
possibly aoetanilide. The mother liquor deposited crystals of 
acetanîlide (0.02 g.), identified by its I.R. spectrum, m.p. and
mixed m.p. The I.R, spectrum of fraction (b) showed absorption at
—1 —1 1840 cm. and 1770 cm, which corresponded to the absorption
—1in the acetic anhydride spectrum, and also absorption at 1720 cm, 
which could be due to acetic acid.
The I.R, spectrum of fraction (c) showed absorption 
at 1010 cm, ^, which is correct for acetyl chloride. This fraction 
fumed on exposure to air. These fumes were acidic.
Addition of -asoiXlno to fTaction (c) product A
colid (0,07 g.) whose I.R, spectrum was identical with that of
the solid obtained by the addition of aniline to fraction (b).
Fraction (d) reacted in a similar way to fraction (c), 
giving a white solid (0.02 g,).
Fraction (e) was shown by G.L.C, and its I.R, spectrura 
to be phenyl acetate.
No phosgene was detected until the distillates had 
been standing for a few days. The presence of phosgene v/as then 
shown by the blue colouration produced with phosgene test-paper.
9 5 .
The residue, fraction (£), was unaffected by acid 
hydrolysis, by alkaline hydrolysis and by reduction with zinc and 
hydrochloric acid. Sodium fusion showed the presence of nitrogen 
and chlorine. No identifiable products were obtained when this 
fraction was chromatographed,
. REACTIONS OF N-NITROSOACyiAEYLAIVÎXNES IN  THE PRESENCE OF ARYNE-
TRAPPING REAGENTS
A Reactions in Carbon Tetrachloride
1. Ft;ran as Trapping Agent
(a) 4-Chloro-N-Nitrosobenzanilide
The nitrose compound (7*62 g., 0,029 mole) and xuran 
(1,98 g,, 0,029 mole) were stirred at room temperature in carbon 
tetrachloride (400 ml,) overnight. The mixture was boiled under 
reflux for 6 hours,and allowed to cool, ggOhlorobenzoio acid 
(3 g,, 0,65 m/m), m,p, and mixed m.p, 239-241° and pychlorobenzoic 
anhydride (0,79 g,, 0.09 m/m) m.p, and mixed m.p, 190-191°, were 
isolated as in the reaction without a bensyne trap, G.L.C. of the 
solution (10% PEGA, 10% SIL/145°) showed that there was no 1,4- 
dihydronaphthalene-l,4-endoxide (the bensyne/furan adduct) present. 
The solution was distilled as before and chlorobenzene (0.95 g., 
0,20 m/m) and phenyl 4-chlorobensoate (0.28 g,, 0.04 m/m) isolated. 
No 1,4-dihydronaphthalene-l,4-endoxide was obtained on distillation,
9 6 .
The nitroso compound was then allowed to decompose in 
carbon tetrachloride in the presence of a 20 molar excess of furan.
Again no adduct was found.
Control experiments showed that the adduct was stable under 
the reaction conditions.
No phenylfuran was detected in either of the reactions.
b) 4~Chloro-4* nMethyl-M-Nitrosobenzanilide
The nitroso compound (5.0g.) with a 10-molar excess of 
furan (12.45 g.) was allowed to decompose in carbon tetrachloride 
(270 ml.) as in (a) above. u-Chlorobenaoic acid (2,06 s., 0,72 m/m.) 
and i^-chlorobensoic anhydride (0.31 g., 0,06 m/m.) were isolated, G.L.C. 
of the solution showed no volatile products with retention time 
comparable with either the aryne/furan adduct (G-methyl-l,4-dihydronaphthalene
1,4-endoxide) or 2^ -p-tolyl furan. Distillation of the solution yielded 
jg -^chlorotoluene (0.5G g., 0,06 m/m,), identified by its I.R. spectrum
and G.L.C, as before (p. 74 ), but no aryne/furan adduct was isolated,
r 165 o . 1[lit, b.p. 57 /0.2 mm.J.
(3) Anthracene as Trapping Agent
(a) 4"Chloro-N-Nitrosobenzanillde
The nitroso compound (5.7 g.) and anthracene (7,7 g.) 
were stirred in carbon tetrachloride (200 ml.) overnight at room 
temperature, the contents of the reaction vessel being protected 
from atmospheric moisture by a drying tube. The mixture v/as boiled 
under reflux for 6 hours, and allowed to cool. The precipitate (6,4? g,)
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was shown by T.L.C, to contain no triptycene, and the I.R. spectrum 
showed peaks corresponding top-chlorobenzoic acid and to anthracene, 
but none corresponding to gychlorobenzoic anhydride. The acid was 
extracted into sodium hydroxide (2N, 150 ml.). On acidification, 
pychlorobenzoic acid (2.03 g., 0.61 m/m,), m.p, and mixed m.p. 241-243°, 
was precipitated.
The solvent was removed by distillation, giving a further 
precipitate (2,2 g,), the I.R, spectrum of which indicated that it 
contained gychlorobenzoio anhydride but no acid. The anhydride was 
removed by boiling the mixture under reflux with sodium hydroxide 
(2N, 100 ml,). After filtering off the residual solid, the alkaline 
layer was acidified, giving jD-ohlorobenaoic acid (1.02 g.) which was 
equivalent to the original formation of p—chlorobenzoic anhydride 
(0,93 g,, 0.15 m/m,).
The anthracene in these two precipitates was removed by 
dissolving the solids in hot xylene (100 ml.), adding maleic anhydride 
(5 g.) and boiling under reflux for 30 minutes. After allowing the 
mixture to stand for hours, sodium hydroxide solution (2N, 100 ml.) 
was added and the mixture was again boiled under reflux for 2 hours.
The alkaline layer was removed, ether (100 ml.) was added and the 
organic layer was washed with water (3 x 50 ml,). Removal of the 
solvent gave traces of brovm tars,, which showed no triptycene on 
T.L.C.
The reaction mixture was distilled, giving chlorobenzene 
(0,50 g,, 0.25 m/m,), which was identified by its I.R, spectrum and by
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G.L.C., as previously described (p.60). Anthracene was removed from 
the residue in the flask by boiling it under reflux with maleic 
anhydride (2 g.) in xylene (100 ml.) as above. The solid remaining 
after evaporation of the xylene was examined by T.L.C.,and showed a 
fluorescent spot with the same Rf value as authentic triptycene. 
Chromatography on alumina and elution with light petroleum (b.p. 40-60°) 
gave a yellow solid (0,33 g«), which on recrystallisation from benzene 
gave triptycene (0,29 g., 0,05 m/m.),, m.p. 257-8°, mixed m.p. 258-259°,
The I.R* and N.îvî.R, spectra of this compound were identical with those of the 
authentic s a m i p l e , s p e c t i r i m s h o w i n g  absorption at T ~ 4,6(2 II) 
and a complex multiplet at ? = 2.5-3,1(12 II).
(b) ÎÏ -Mitrosoacetanilide
N-Nitrosoacetanilide (7,5 g,) and anthracene (3 g,) were 
reacted in carbon tetrachloride (150 ml.) as above. The solid was 
removed and the solvent was distilled off, leaving a dark-coloured 
solid. The anthracene was removed from these precipitates by boiling 
under reflux with maleic anhydride in xylene, as above. No triptycene 
was detected in the residue. The solution was chromâtograplied on alumina, 
but again no triptycene was isolated.
3, 2,3,4,5"TetraphenyIcyclopentadienone as Trapping Agent
(a) N-Nitrosoacetanilide
^-Nitrosoacetanilide (3,2 g.) and 2,3,4,5-tetraphenyl- 
cyclopentadienona (15,2 g.) were allowed to react in carbon tetrachloride
9 9 .
(135 ml.). The reaction mixture v/as stirred overnight at room 
temperature, and then boiled under reflux for C hours. The dark 
solid was filtered off, and T»L,C, showed that it contained no
1.2.3.4-tetraphenylnaphthalene, After removal of the bulk of the 
solvent by distillation, G.L.C. of the residue showed the presence of 
chlorobenzene «0,01 m/m,), T.L.C. of the residue showed the presence 
of a compound with the same value as authentic 1,2,3,4-teti'aphenyl- 
naphthalene,
Chromatography of the residue gave the following products:
(a) a v/hite solid (1.92 g.) by elution with light petroleum (b.p.
40-G0°)/benzene (9:1), (fo) a dark rod solid, 2,3,4,5-tetraphenyl- 
oyclopentadienone, (67%) hy elution with benzene, and (c) a brown 
tar (3.2 g.) by elution with methanol.
Recrystallisation of fraction (a) from acetic acid 
gave l,2,3,4-tetraphenylnaphthalene (1.30 g,, 0,21 m/m,), m.p. 198-199°, 
mixed m.p. 199-200°, The I.E., U.V,, and H.m.K. spectra were 
identical with those of the authentic sample. Fraction (c) had a 
phenolic smell. Attempts to purify it failed, and it v/as not further 
investigated,
(b) m-Substituted and bnsubstituted N-Nitrosobenzanilides
(i) General r.ïethod
The nitroso compound, together with a 1 molar excess of
2.3.4.5-tetraphenyloyclopentadienone, was stirred in carbon tetra­
chloride overnight at room temperature, the reaction being kept free
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from moisture. After being boiled under reflux for 6 hours to 
complete the reaction, the mixture was allowed to cool. The 
appropriate benzoic acid was precipitated, and was identified by 
its I.R, spectrum, m.p, and mixed m.p. after recrystallisation.
The bulk of the solvent was removed by distillation, and the 
resultant dark precipitate in no case showed anhydride carbonyl 
absorption in the I.R. spectrum. A portion of the solution was 
retained for analysis by G.L.C, The remaining solution [which was 
shown by T.L.C, to contain the appropriate tetraphenylnaphthalene] 
together with the dark solid precipitate, was adsorbed on to alumina 
and chromatographed to yield the tetraphenylnaphthalene(s). The 
precipitated oarboxylic acids were separated from any 2,3,4,5-tetra­
pheny Icyclopentadienone by extraction into alkali and sub^e- u^ent 
acidification of the alkaline layer,
(ii) 4 •’Chloro-N -Ni t ro sobenzani 1 i de
4*<îhloro-N-Nitrosobenzanilide (6.8 g.) was allowed
to decompose in carbon tetrachloride (350 ml.) in the presence
of 2,3,4,5-tetraphenyloyclopentadienone (20,6 g.) giving p^-chloro-
obenzoic acid (2.0 g., 0.49 m/m), m.p, and mixed m.p, 242-244 . There 
v/as no trace of p-chlorobenzoic anhydride.
G.L.C, analysis (10% PEGA, 10% SIL/85°) of a portion 
of the solution showed the presence of chlorobenzene equivalent to 
total yield of 0,1 g. (0.04 m/m).
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Chromatography of the residue gave the following fractions:
(a) a white solid (3.65 g.) by elution with light petroleum (b.p.
40-00°)/benzene (9:1), (b) 2,3,4,5-totraphenylcyclopentadienone (70%)
by elution with light petroleum (b.p. 40-60°)/benzene (1:1) and (c) a 
brown gum (1.0 g,) by elution with methanol. Recrystallisation of fraction 
(a) from acetic acid gave 1,2,3,4-tetraphenylnaphthalene (3,5 g,, 0.32 m/m), 
m.p. 197-199 , mixed m.p, 198-199°. The I.R., U.V./ and N.I-I.E. spectra 
were identical to those of the authentic sample. Fraction (c) was not 
further investigated.
(iff) 4-Chloro-N-Nitrosobenzanillde in the Presence of Water
A similar reaction, using 4-chloro-N-nitrosobenaanilide from 
the same batch as that in experiment (ii) above, was carried out in the 
presence of water,
4-Chloro-N-nitrosobenzanilide (2,55 g.), 2,3,4,5-tetrapheny]- 
oyclopentadienone (7.3 g,) and water (0,2 g., 1 molar proportion) were 
reacted in carbon tetrachloride (136 ml.). pyChlorobenzoic acid (1,03 g,, 
0.69 m/m.), m.p. and mixed m.p, 240-243°, and p—chlorobenzoic anhydride 
(0.35 g,, 0.14 m/m,), m.p. and mixed m.p. 189-191°, were isolated as 
described in the reaction without 2,1^4,5-tetraphenylcyclopentûdienone 
(p. 69), G.L.C, (2% NPGS, 10% SIL/05°)showed that no chlorobenzene was 
present.
Chromatography of the solution gave the following fractions :
(a) a yellow solid (0.15 g.) by elution with light petroleum (b.p,
40-60°)/benzene (9:1), (b) 2,3,4,5-tetraphenylcyclopentadienone, bj*
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elution with benzene, and (c) a brown gum by elution with methanol. 
Recrystallisation of fraction (a) from acetic acid gave 1,2,3,4-tetra- 
phenylnaphthalene (0.10 g,, 0,02 m/n), m.p. and mixed m.p, 190-200°,
The I.R,, N.K.Ro and U.V, spectra were identical with those of the 
authentic sample,
(iv) 3 *-Bromo-4-Chloro-N-Nitrosobenzanilide
The nitrosobenzanilide (7,5 g.) and 2,3,4,5-tetraphenyl­
cyclopentadienone (IS,7 g,) were allowed to react in carbon tetra­
chloride (210 ml.). There was a vigorous evolution of nitrogen 
almost immediately, pgChlorobenzoic acid (2.0 g,, 0,02 m/m), m.p, 
239-241°, mixed m.p, 240-241° was removed, m-Bromochlorobenaene 
(0,10 g., 0,02 m/m) and only a trace of 3-bromophenyl 4-chlorobenzoate 
were identified by G.L,C, (10% SIL, 2% NPGS/110° and 100° respectively), 
Chromatography of the mixture gave the following products;
(a) a colourless liquid (0.06 g.) by elution with light petroleum.
(b.p, 40-60°), (b) a white solid (0.0 g,) by elution with light
petroleum (b.p. 40-60°)/benzene (5:1), (c) 2,3,4,5-tetraphenylcyclo-
pentadienone (20%) by elution with light petroleum (b.p. 40-60°)/benzene 
(1:1), (d) a brown gum (0.3 g.) by elution with ether and (e) a brown
gum (1.1 g.) by elution with methanol,
Recyrstallisation of fraction (b) from acetic acid gave 
white plates (7,9 g.) m.p, 235-236°. [Pound: C, 79.5; H, 4.7%,
Co^H^gBr requires C, 79.3; H, 4,5%]. The U.V. and I.R, spectra 
suggested that it was a substituted tetraphenylnaphthalene. The N.h.R, 
spectrum was consistent with 5-bromo-l,2,3,4-tetraphenylnaphthalene 
(17) and details are given overleaf.
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(17 )" rn
6 r  PK
Absorption (t) Nature of Absorption
J
(c/s)
3.21
2.91
2.81
2.89
2.35
2.20
broad singlet (10 H)
broad singlet (5 H) -
broad singlet (5 H)
double doublet (1 H) 8.7, 7.0
double doublet (1 H) 8.7, 1.7
double doublet (1 H) 7,0, 1.4
Proton(s)
responsible
for
absorption
phenyl
phenyl
phenyl
H(7)
probably H
probably H
(6)
(8)
The three phenyl absorptions are due to the substitutent 
being in the 5-position. By comparison with the N.M.R, spectrum from 
6 -bromo“1 ,2 ,3,4-tetraphenylnaphthalene (see p. 56 ) it was possible 
to establish that the compound isolated in this experiment was pure
5-bromO“l,2,3,4“tetraphenylnaphthalene, and that it contained no
6 -bromo-1,2,3,4-tetraphenylnaphthalene. The total yield was 7*9 g. 
(0.70 m/m).
The I.R. spectrum of fraction (a) was identical with 
that of m-bromochlorobenzene. Fractions (c) and (d) were not further
investigated.
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( v )  4 - C h lo r o -3  * --M e th y l - N -N i t r o s o b e n z a n i l id e
The nitroso compound (6.5 g.) was allowed to decompose in 
carbon tetrachloride (240 ml,) in the presence of 2,3,4,5-tetraphenyl- 
cyclopentadiGnone (18 g.), giving gychlorobenzoic acid (2,6 g., 0.71 m/m), 
m.p, and mixed m.p. 240-241°. G.L.C. of the solution (10% PEGA, 10% 
SIL/100°) showed the presence of m-chlorotoluene (0,15 g., 0.05 m/m), 
Chromatography of the residue gave the following fractions: (a) a
colourless liquid (0,10 g.) by elution with light petroleum (b.p,
40-60 ), (b) a white solid (3,65 g.) by elution with light petroleum
(b.p. 40-60°)/benzene (4:1), (c) 2,3,4,5-tetraphenylcyclopentadienone
(60%) by elution with light petroleum (b.p, 40-60°)/benzene (1 :1),
(d) a brown tar (0,3 g.) by elution with ethoi) and (e) a brown tar 
(0,62 g.) by elution with methanol.
The I.R. spectrum of fraction (a) was identical with 
that of m-chlorotoluene.
Recyrstallisation of fraction (b) from acetic acid gave 
white plates (3,5 g.), m.p. 221-224°, [Found: C, 94.1; H, 6,0%,
Calc, for Cg^Hg^; C, 94,1; H, 5,9%]. The U.V, and I.R, spectra 
were indicative of a substituted 1 ,2 ,3,4-tetraphenylnaphthalene.
The N.M.R. spectrum showed singlets at t = 8.03 and t » 7,61 
attributed to methyl protons in two different environments,* and also 
five phenyl absorptions at T = 3.20, 3,18, 2,86, 2,84 and 2.79. These 
absorptions are almost identical with those found in the N,M,R, spectra, 
of 5-methyl-1,2,3,4-tetraphenylnaphthalene (t - 3.02, 3.10, 2,35 2,79)
106,
and 6‘-methyi-l,2,3,4'“tetraphenylnaphthalen© (T - 7.G, 3,2, 2,33) [see p. 56] 
The N,K.R. spectrum of a mixture of authentic 5-nethyl- and 6 -methyl-
1,2,3,4-tetraphenylnaphthalene showed absorptions at t = 0,02, and 
7,61, attributed to the methyl protons and phenyl absorptions at 
T = 3,20, 3,17, 2,87, 2,03, 2,79, From the analysis and the N.M.R. 
spectrum, it can therefore be concluded that this fraction is a 
mixture of 5*-raethyl-l,2,3,4-tetraphenylnaphthalene and e-methyl-1,2,3,4- 
tetraphenylnaphthalene. From the integrals in the N.ü.R, spectrum, 
the ratio of these two compounds was found to be 5-methyl; 6-methyl - 
7i4; i.e. 5-methyl-1,2,3,4-tetraphenylnaphthalene (2,24 g,, 0.21 m/n) 
and 6-methyl-1 ,2 ,3,4-tetraphenylnaphthalene (1 .2C g., 0,12 n/m).
Fractions (d) and (e) were not further investigated.
( vi ) 4 "Chloro -3 * -ITitro -N -Nit rosobenzani lide
The nitroso compound (S.G g.), 2,3,4,5-tetraphenylcyclo-
pentadienono (21 g.) and carbon tetrachloride (400 ml.) were stirred 
at room temperature. Nitrogen evolution began almost immediately.
Nitrous fumes were visible when the mixture was heated, gyChlorobenzoio 
acid (3,72 g., 0,04 m/m), m.p, 240-242°, mixed m.p. 241-242° v/as 
removed, G.L.C. of the solution showed that no m-chloronitrobensene 
was present. Chromatography of the residue gave the following 
products; (a) 2,3,4,5-tetraphenylcyclopentadienone (25%) by elution
with light petroleum (b.p. 40-60°)/benzene (4:1), (b) a yellow solid
(3,3 g.) by elution with light petroleum (b.p, 40-60°)/benzene (1 :1) 
and (c) a brown solid (0,65 g.) by elution with ether/methanol (9:1),
106,
Reorystallisation of fraction (b) from acetic acid gave 
yellow needles (3.1 g.), m.p. 254°. [Found; C, 85,2; H, 5.2; N, 
3.0%], This compound darkened on exposure to light. The N.M.R, 
spectrum was consistent with the structure 5-nitro-1,2 ,3,4-tetraphenyl- 
naphthalene (Is) and not 6 -nitro-1 ,2 ,3,4-tetraphenylnaphthalene (iô).
8 Ph
NO, Ph NO.
8 PK 
'  Ph2. S'
( 19 )
The N.M.R, spectrura showed three broad singlets at T = 3.13 (10 H),
2,9 (5 H) and 2,79 (5 K), attributed to phenyl absorption, and 
double doublets, centres t = 2,68 (H^ .) [ J = 3.2, 7.2 c/s], t « 2.3
(probably H^) [j « 7.3, 1,9 c/s] and T » 2,18 (probably H„) [j =, 0.3,
2,0 c/s]. The three phenyl resonances are due to the presence of 
the substituent in the 5-position, The only other possible isomer 
( 19 ) would be expected to show only 2 phenyl resonances [c, f, 6 -methyl
1,2,3,4-tetraphenylnaphthalene (p.56 ) and 6-bromo-l,2,3,4-tetraphenyl- 
naphthaleno (p.56 )] and a doublet with J k 9c/s for K^, a double 
doublet with J«9^  and 2o'/sfor and a doublet with J#a2c/sfor H^,
The I.R, spectruîjv the analysis and the N,î/i,R, spectrum therefore 
indicate that this compound is 5-nitro-1 ,2^3,4-tetraphenylnaphthalene 
(8,1 g,, 0.63 ra/m), C, 05.5; H, 4.9; N, 2,9%].
Fraction (c) was recrystallised from ethanol giving 
4-chloro-3*-nitrobensanilide (0,45 g., 0,05 ra/m), m.p. and mixed 
m.p, 186-138°, The I.R, spectra of this and the authentic sample 
were identical.
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( v i  i )  4 - M i t r o -N -N i t r o s o b e n z a n i l id e
Decomposition of the nitroso compound (6.54 g.) and
2,3,4,5-totraphenyloyclopentadienone (10,6 g,) in carbon tetrachloride 
(250 Ell.) gave gynitrobenzoic acid (1.9 g., 0,44 m/m), m.p, and 
mixed m.p, 237-239°, (lit,^^^ 241-5°) after recrystallisation from 
ethanol, G.L.C, (10% SIL, 10% PEGA/90°) of a portion of the 
solution showed the presence of chlorobenzene (0,45 g. total, 0.16 m/m). 
Phenyl 4-nitrobenzoate (0.61 g, total, 0,10 m/m) was also shown 
to be present by G.L.C, (2% NPGS, 2% CAH/190°),
Chromatography of the residue gave the following 
fractions: (a) a colourless liquid (0.38 g.) by elution with light 
petroleum (b.p. 40-60°), (b) a yellow solid (0,5 g.) by elution
with light petroleum (b.p. 40-60°)/benzene (9 :1) (c) a white
solid (1.5 g.) by elution with light petroleum (b.p. 40-60°)/benzene 
(4:1), (d) 2,3,4,5-tetraphenylcyclopentadienone (33%) by elution
with light petroleum (b,p, 40-60°)/benzene (1 :1), (e) a brown gum 
(0.69 g.) by elution with ether and (f) a brown gum (1.1 g.) by 
elution with methanol.
The I.R. spectrum of fraction (a) v/as identical with 
that of chlorobenzene,
Reorystallisation of fraction (b) froEi ethanol gave 
pale yellow needles m.p, 128-130°, mixed m.p, 128-130° with authentic 
phenyl 4-nitrobenaoate, The I.R. spectrum of this compound was 
identical with that of the authentic sample.
i m .
R©crystal5.isation of fraction (c) gave 1,2,3,4-tetraphenyl 
naphthalene (1,35 g., 0,14 m/m), m.p. 200°, mixed m.p. 200-201°.
I.E., U.V,, and N.M.R. spectra were identical with the authentic 
spectra*
Fractions (e) and (f) were intractable tars.
(viii) 4 "diethyl -N -Ni t r o sobenzani 1 i de
The nitroso compound (2,3 g.) was reacted with carbon 
tetrachloride (196 ml.) in the presence of 9,3,4,5-tetraphenylcyclo- 
pentadienone (17.4 g.), yielding ^-toluio acid (0.07 g., 0.52 m/m), 
m.p. and mixed m.p. 180-132°. G.L.C. (10% PEGA., 10% SIL/80°) of a 
portion of the solution showed the absence of chlorobenzene, but 
indicated the presence of phenyl 4-mothylbenzoate (0.2 g.. total *
0.10 m/m) [lO% SIL, 2% NPGS/150°J.
The remaining solution was chromatographed, giving the 
following fractions; (a) a white solid (0.15 g.) by elution with 
light petroleum (b.p. 40-60°), (b) a white solid (1.3 g.) by elution
with light petroleum (b.p. 40-60°)/benzene (4;1), (c) 2,3,4,5-tetra-
phenylcyclopentadienone (71%) by elution v/ith light petroleum 
(b.p. 40-60°)/benzene (1:1), (d) a brown gum (0.32 g.) by elution
with benzone/ether (1 :1) and (e) a brown gum (0.16 g.) by elution 
with methanol.
Recrystallisation of fraction (a) from ethanol gave 
phenyl 4-methylbenaoate, m.p. and mixed m.p. 73-75°. The I.R. 
spectra of this compound and the authentic ester were identical.
log.
Reorystallisation of fraction (b) from acetic acid 
gave 1,2,3,4-tetraphanyIuaphthalen© (1.2 g., 0.29 m/m), m.p, and 
mixed m.p* 201-202°, Identification was also possible by comparing 
the I.R., U.V., and H.M.R* spectra with those of the authentic 
sample.
Fractions (d) and (e) were not investigated further.
C o'- and p- Substituted 4-Ohloro-N-Nitrosobenganilides
(i) General Method^
The nitroso compound was allowed to decompose in carbon 
tetrachloride in the presence of 2 ,3,4,5-tetraphenylcyclopentadienone. 
The mixture was stirred overnight at room temperature and then 
boiled under reflux for 6 hours to complete the reaction, Tho 
precipitate obtained on cooling the mixture, and also that left 
after removal of the bulk of the solvent, showed the same I.E. 
spectra, mixtures of ^-chlorobenzoic acid, g^-chlorobonsoic anhydride 
and 2 ,3,4,5-tetraphenylcyclopentadienone. No adduct was detected 
in these precipitatas by T.L.C, To separate the components of this 
mixture, the solid was stirred with sodium hydroxide solution, P-Chloro 
benzoic acid was precipitated on acidification of the alkaline 
solution, and was identified by m.p,, mixed m.p. and I.E. spectrum.
The residual solid was then boiled under reflux with sodium hydroxide 
solution to hydrolyse the anhydride. Acidification of the alkaline 
solution gave gychlorobenzoic acid, from which the yield of 
p^-chlorobenzoic anhydride was calculated. A portion of the reaction
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mixture was kept for G.L.C, The remaining solution was chromatographed 
on alumina,
(ii) 2 *-3romo-4"Chloro~N -Nitrosobenzanilide
The nitroso compound (3,9 g,) was decomposed in carbon 
tetrachloride (140 ml.) in the presence of 2,3,4,5-tetraphenylcyclo- 
pentadienone (8,6 g,), gyChlorobenzoic acid (0.4 g,, 0.24 m/m), 
m.p, and mixed m.p. 240-242°, and gychlorobensoic anhydride 
(0,74 g., 0.22 m/n), were produced. By G.L.C. (2% NPGS, 3% APL/90°) 
of a portion of the solution the presence of o^-dichlorobenzene 
(O.Ori^  g. total, 0,01 m/m), o^-bromochlorobenzeiie (0,20 g, total,
0,09 m/m) and o-dibromobenzene (0.34 g. total, 0,13 m/m) was 
detected. Chromatography of the remaining solution gave the 
following fractions; (a) a yellow oil (0,36 g.) by elution with 
light petroleum (b.p, 40-60°), (b) 2,3,4,5-tetraphenylcyclopenta­
dienone by elution with light petroleum (b.p. 40-60°)/benzene 
(1:1), and (c) a brown tar (0,55 g,) by elution with ether and methanol.
Fraction (a) was the mixture of o-dihalogeno benzenes 
detected by G.L.C, The I.R. spectrum was identical with that from 
a mixture of the authentic samples.
Fraction (c) had a phenolic smell* Extraction with 
alkali and acidification of the alkaline solution failed to 
yield a product. The acidified solution was then extracted with 
ether, but no phenol was obtained on evaporation of the solvent.
No 5-bromo-l,2,3,4-tetraphenylnaphthalene was detected.
Ill.
( i  i i )  4* -B ro m o - 4 - C h lo r o - N~ N itro s o b e n s a r . iJ . id e
The nitroso compound (6,15 g,) was decomposed in carbon 
tetrachloride (180 ml*) in the presence of 2 ,3,4,5-tetraphenyl­
cyclopentadienone (13,7 go)* pyChlorobensoic acid (0*51 g., 0*18 ra/m), 
m.p. and mixed m.p, 239-241°, and gychlorobenzoic anhydride (1,23 g., 
0,23 m/m) were produced, G.L.C. of a portion of the reaction 
mixture (10% CAR, 10% S1L/130°) showed the presence of jg^ -dichloro- 
benzene (0,03 g*. total, 0,01 m/m) > ^-bromochlorobensene (0,31 g* 
total, 0,09 m/m), and jD_-dibromobonzene (0,36 g,* total, 0,09 ra/m).
Only a mi noter qpdrititÿ of ester (4-chlorophenyl 4-chlorobenzoate ) 
could be detected by G.L.C.
The mixture was then chromatographed on alumina, 
giving the following fractions: (a) a white solid (0,70 g.) by
elution with light petroleum (b.p, 40-60°), (b) a white solid
(0,41 g,) by elution with light petroleum (b.p. 40-60°)/benzene 
(4:1), (c) 2,3,4,5-tetraphenylcyclopentadienone (75%) by elution
with light petroleum (b.p, 40-60°)/benzene (1:1), (d) a brown tar
(1,6 g,) by elution with ether, and (e) a brown tar (2,4 g.) by 
elution with ether/nethanol (1 :1).
Fraction (a) was identified as the mixture of 
dihalogeno benzenes detected by G.L.C, The I.R, spectrum was 
identical with that from a mixture of the authentic compounds * 
Recrystallisation of fraction (b) from acetic acid 
gave 6-bromo-1,3,3,4-tetraphenylnaphthalene (0,33 g., 0,04 ra/m),
113*
m.p. and mixed m.p# 243^, The I.R., U.V,, and N,M*R* spectra %vere 
identical with those of the authentic sample,.
Attempts to purif3^ the fractions (d) and (e) resulted 
in a dark brown solid (3,5 g,) of m.p, VO-120^* . The I,E. spectrum 
of this compound was poorly resolved, but showed a peak at 1750 cm 
This solid is still unidentified.
(iV) 4-Chloro' ^ ieth^ rl-N-Nltrosobenaanilide
The nitroso compound (1,96 g,) was allowed to 
decompose in carbon tetrachloride (105 ml.) in the presence of 
2,3,4,5 “t et rapheny Icy dopent adienone (5,5 g, ) . p^-Chlorobenaoic 
acid (0,70 g,, 0,63 m/m), m.p, 240-241^, mixed m.p, 240-242^ and 
^-ohlorobenzoic anliydride (0,22 g,, 0,11 m/m) were produced. The 
presence of ^’-chlorotoluene (0.21 g, total, 0,23 m/m) was shovm by 
G,L,C, (10% SIL, 10% CAR/00^) of a portion of the solution.
Chromatography of the remaining solution gave the following fractions:
(a) a colourless liquid (0,15 g.) by elution with light petroleum 
(b.p, 40-60°), (b) a white solid (35 mg,) by elution with light
petroleum (b,p, 40-60°)/benzene (4:1), (c) 2,3,4,5-tetraphenyl-
cyciopentadienone (70%) by elution with light petroleum (b.p, 40-60°)/ 
benzene (1:1) and (d) a brown gum (1,3 g.) by elution with ether 
and methanol.
The I,R, spectrum of fraction (a) was identical with 
that of g^-chlorotoluene. Recrystallisation of fraction (b) from 
acetic acid gave 6-methyl-1,2,3,4-tetraphenyInaphthalene (30 mg,, 0,01 m/n),
113„
m.p. 221°, mixed m*p, 222°. The I.R., U,V,, and N.H.R, spectra 
were identical with those of the authentic sample. Fraction (d) 
was intractable tar and v/as not further investigated.
(v) 4 -Ohloro-4'-Hitro-M-Nitrosobensanllide
The nitrosobenzanilide (0.2 g.), 2,3,4,5-tetraphenyl- 
oyclopentadienone (20,5 g.) and carbon tetrachloride (395 ml.) 
were reacted as described above. Brown fumes appeared when the 
mixture was heated. g^Chlorobenzoic acid (0.10 g., 0.04 m/m), 
m.p. and mixed m.p* 239-241°, and g^-chlorobenzoic anhydride 
(1.30 g., 0.10 m/m) were produced, G.L.C, analysis of a portion 
of the solution (2% ÎTPGS, 10% SIL/115°) detected pychloronitrobenzene 
(0,40 g. total, 0.09 m/m), while analysis at 190° showed the 
presence of 4-chloropheny1 4-chlorobenaoate (0,45 g, total^  0.09 m/m) 
Chromatography of the remaining reaction mixture gave 
the following compounds: (a) a white solid (0,34 g.) by elution
with light petroleum (b.p. 40-00°), (b) a white solid (0,42 g,)
by elution with light petroleum (b.p, 40-60°)/benzene (5:1),
(c) 2,3,4,5-tetraphenylcyclopentadienone (00%) by elution with 
light petroleum (b.p* 40-60°)/benzene (1 :1), (d) a dark brown
solid and tar (3,85 g,) by elution with benzene/ether (1:1), and
(e) a dazii brown solid (0.42 g,) by elution with methanol.
Fraction (a) was recrystallised from light petroleum 
(b.p. 00-80°) and was found to be gychloronitrobenzene, m.p. and 
mixed m.p, 84-85°, Identification was also possible by comparison 
of the I.E. spectrum with that of the authentic sample.
11%
RecrystalXisation of fraction (b) from ethanol gave
4-ohlorophenyl 4-ohlorobenzoate, m,p. and mixed m,p. 93-94°, The
I.E. spectrum of this and of the authentic ester were identical.
Fraction (e), after recrystallisation from ethanol,
gave 4-chloro-4*-nitrobensanilide (0,33 g., 0,06 m/m), identified
by its Ï.R, spectrim, m,p, and mixed m,p, 221-222°,
Fraction (c) gave a brown solid after being washed
with methanol. After chromatography ‘ and recrystallisation from
ethanol, yellow needles (2.25 g.), m.p. 167-160° [Found; C, 86.0;
K, 4,9%, Liol. Wt. 400] were isolated. The I.E. spectrum was
very similar to that of 2 ,3,4,5-tetraphenyloyolopentadienone,
—1showing strong absorption at 1720 cm , The spectrum
showed a complex multiplet at r » 2.79-3,4. No nitrogen or
halogen was found in this compound. Since the frequency of the
carbonyl absorption resembled that of an ester, attempts were
made to hydrolyse a portion of the compound (0.18 g.) by boiling
under reflux with alkali as already described (p. 83 ). However,
no phenol or acid was isolated, but, instead, a white solid.
insoluble in alkali was obtained. Chromatography of this solid
gave two compounds: (i) 60 mg. and (ii) 40 mg. Both compounds
3^,showed absorption at approximately 1660 cm in the I.R* spectrum. 
Fraction (ii) was recrystallised from acetic acid, giving a solid 
of m.p, 133-136° [Found: C, 37,4; H, 6,1%], The N.M.R, spectrum 
of this fraction showed a complex multiplet at T » 2-3, with a small 
singlet at 6.04?. Attempts to recrystallise fraction (i) wo»not
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very successful. Recrystallisation from acetic acid gave a solid which 
melted over a wide range (90-100°), These compounds have not yet been 
identified*
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4. The Relative Efficiencies of Anthracene and Tetraphonylcyclopentadienone
as Trapping Agents
Anthracene and 2,3,4,5-totraphenylcyclopentadienone 
were allowed to compote»-' for authentic benayne produced by the 
reaction of amyl nitrite with anthranilic acid, as described in the 
preparation of the authentic adducts (p,54 ). V/hen the reaction 
mixture was chromatographed, tetraphenylnaphthalene (85%) was isolated, 
but no triptycene could be detected, i.e. Tetraphenylcyclopentadienone 
is superior to anthracene as a trap for authentic bensyne,
B Reactions of H-Nitrosobenzanilides in Benzene in the presence 
of 2,3,4,5-Tetraphenylcyclopentadienone
1) 4-Chloro-N-Nitrosobenaanilide
The nitroso compound (3,6 g.), 2,3,4,5-tetrapheny1cyclo- 
pentadienone (11.1 g.) and benzene (170 ml.) were stirred together 
overnight at room temperature, the apparatus being protected from 
atmospheric moisture by a silica-gel guard tube. To ensure complete 
reaction, the mixture was boiled under reflux for 6 hours, and then 
allowed to cool. The bulk of the solvent was removed by distillation, 
leaving a dark solid, the I ,R. spectrum of which shov/ed carbonyl 
absorption corresponding to p^-chlorobenzoèo acid and 2,3,4,S-tetra- 
phenylcyclopentadtiiMDne, but none corresponding to pychlorobenzoic 
anhydride. The acid was extracted into alkali and precipitated 
from the alkaline solution by acidification, giving pychlorobenzoic
!
acid (1.70 g., 0.79 m/m), m.p. and mixed m.p. 241-243 . The presence 
of biphenyl (0.09 g., 0.04 m/m) and phenyl 4-chlorobenzoate (0.19 g,,
1.1 g,
0,06 rn/m) in the reaction mixture was shown by G.L.C, (2% NPGS, 10%
SIL/170°),
Chromatography of the reaction mixture gave the following
fractions: (a) a white solid (0,09 S*) by elution with light
petroleum (b.p, 40-00°), (b) a white solid (0,15 g.) hy elution
with light petroleum (b.p, 40-60°)/bensone (9:1), (c) a yellow
solid (2.3 g.) by elution with light petroleum (b.p. 40-60°)/benzene 
(4:1), (d) 2,3,4,5-tetraphenylcyclopentadienone (66%) by elution
with light petroleum (b.p. 40-60°)/bensene (1 :1) and (e) a brown 
gum (1.5 g.) by elution with ether and methanol.
Fraction (a) was recrystallised from light petroleum 
(b.p. 60-80°), and was identified as biphenyl by m.p. and mixed 
m.p, 70-71° and by its I.R. spectrum,
Reciystallisation of fraction (b) from methanol gave 
phenyl 4-chlorobensoate, m.p. and mixed m.p, 103-104°, The I.E. 
spectrum of this compound was identical with tho authentic spectrum.
Fraction (c), on recrystallisation from acetic acid, 
gave 1,2,3,4-tetraphenylnaphthalene (2.2 g., 0.37 m/m), m.p. 199°, 
mixed m.p, 200°. The I.E., u.V., and N.M.R. spectra were identical 
with the authentic spectra.
Fraction (e) was not further investigated.
lie.
i  i  )  2 ' -3  ro iao -4  -C h lo ro  - N -N i t ro a o b e n z a n i l i d e
The nitrosoaoide (4,0 g.) was allowed to decompose in 
benzene (145 ml.) in the presence of 2 ,3,4 ,5 -tetraphenylcyclopentadlenon0 
(0„6 R,) as in the previous experiment. p-Chlorobensoic acid (1,3 g,, 
0,69 m/m); m.p, and mixed m.p. 240-242° was produced, G.L.C. 
examination (2% NPGS, 3% APL/160°) showed the presence of 2-bromo- 
biphenyl (0,59 g., 0,21 m/m) in the reaesbion mixture, together with 
traces (« 0,01 m/m) of biphenyl and bromobenzene.
Chromatography of the reaction mixture gave the following 
fractions: (a) a liquid (0.50 g.) by elution with light petroleum
(b,p, 40-60°)/benzene (4:1), (b) 2,3,4,5-tetraphenylcyclopentadienone
by elution with light petroleum (b.p, 40-60°)/benzene (3:1), (c) a
brown oil by elution with benzene and (d) a brown gum (1,56 g.) 
by elution with ether and methanol.
Fraction (a) was identified as 2-bromobiphenyl by 
comparison of the I.E. spectrum with that of the authentic sample. 
Fractions (o) and (d) were not further investigated.
No 5 -broHio -1,2,3,4 -tetraphenylnaphthalene was i sol ated, 
and none could be detected by T.L.O.
iii) 3 ^ -Bromo-4 -Chioro-N-Nitrosobenzanllide
The nitroso compound (3*5 g.), 2,3,4,5-tetraphenylcyclo- 
pentadienone (7.S g.) and benzene (134 ml.) were stirred together 
overnight at room temperature, and then boiled under reflux for 6 hours.
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The precipitated pychlorobensoic acid (1,4C g,, O.Ov o/n), m.p.
240-243°, mixed n.p, 241-243° was removed. The presence in the 
reaction mixture of 3-b.roi.iobiphenyl (0.025 g,, 0,01 m/m) was shown 
by G.L.C- (2% N.PGS, 10% SIL/150°).
Chromatography of the mixture gave the following fractions:
(a) a white solid (3,95 g.) by elution with light petroleum (b.p,
40--60°)/benzene (4:1), (b) 2,3,4,5-totraphenylcyclopentadionone (25%) 
by elution with light petroleum (b.p. 4 0 ) /benraene (1:1), and (c) 
brown tars (O.y g,) by elution with ether and methanol,
Hecrystallisation of fraction (a) gave 5-bromo-l,2,3,4- 
tetraphenylnaphthalene (3.G5 g., 0,73 m/m), m.p, 334-235°, mixed 
n.p, with the previous sample of this adduot 234-335°. I.E., U.V,,
and iT.M.R, spectra were identical with those of the adduct obtained 
in a similar reaction in carbon tetrachloride. The K.M.R, spectrum 
showed no absorptions corresponding to 6"-bromo-1,2 ,3 ,4-tetraphenylnaphthalene 
Fraction (c) was not further investigated.
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V* REACTIONS OF H-NITROSCACYLARYIAîiaMBS AT ROOM TEMPBMTURE 
A N-Nitrosoaoetanilid© in Carbon Tetrachloride
0’ien N-nitrosoac©tanilido was added to carbon 
tetrachloride at room temperature, it dissolved immediately, but 
in a few minutes a precipitate appeared. This precipitate was
-1water soluble, and showed absorption in the I.R. spectrum at 2300 cm 
corresponding to the -SsN absorption When p-naphthol in
alkaline solution v;as added to an aqueous solution of this solid, a 
red solid, m.p, 133°, was formed, (lit, m.p. for foensoneazo-p-naphthol 
is 132°), The solid from the reaction mixture is obviously a 
benzenediaaonium salt. An aqueous solution, on treatment with nitric 
acid and silver nitrate, gave a white precipitate, which survived 
on heating.. Silver acetate would be soluble under such conditions, 
and the precipitate must therefore be silver chloride* Benzene- 
diazonium chloride is thus produced as an intermediate in the reaction 
of N-nitrosoaoetanilide with carbon tetrachloride.
B 3 *-’Bromo-4-Chloro‘“N~Nitrosobensanllide in Carbon Tetrachloride
Under the conditions described above, this reaction also
gave a precipitate, which showed similar infra red absorption at 
—12300 cm , In this case, however, the salt was mixed with j^-chloro- 
benzoic acid, Tho mixture was added to water and the insoluble 
gychlorobenzoic acid removed. A red dye (m.p, 170-172°) [lit,  ^
m.p, for £^-bromobenzen©azo^!«-P~naphthol 172-173°] was produced when 
alkaline p-naphthol was added to the aqueous solution. Treatment
12&»
of the aqueous solution with silver nitrate and nitric acid as before 
again resulted in a white precipitate, which indicated the presence 
of chloride ions. ^D-Bromobenzenediasonium chloride is therefore 
produced as an intermediate in the reaction of j3-bromo ~N-nitrose- 
acetanilide with carbon tetrachloride.
C 3 *-Bromo-4-Chlore-N-Hitrosobenganilide in Benzene
In this case, the precipitate was pure chlorobenzoic 
acid, identified by its I*R. spectrum, m.p. and mixed m.p, 239-941°.
No diazonium salt was isolated.
im.
VI, MEAsmmimr of nitrogen evolution in the decomposition of
N-HXTROSOACETANXLXDE IN ORGANIC SOLVENTS,
A N-Nitrosoacetanxlid© in Carbon Tetrachloride
N-nitrosoacetanilide (0*23 g.) was added to carbon tetra­
chloride (21 ml.) in a thermostatic bath at 27°. The nitrogen evolution, 
measured in a nitrometer, corresponded to 45% of the theoretical volumo, 
The benzenodiazonium chloride (0*09 g.) produced was suspended in fresh 
solvent and allowed to decompose at 45°. The nitrogen which was then 
evolved gave a total nitrogen evolution of 00%.
B N-Nitrosoacetanllide in Benzene
N-Nitrosoacetanilido (0,1 g,) was added to benzene (0.5 ml,) 
in a thermostatic bath at 27°, A total nitrogen evolution of 68% was 
observed. No further nitrogen evolution occurred on increasing the
otemperature of the bath to 45 ,
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V I I  B .8 .R .  SPECTRA
The following investigations wore carried out in 
collaboration with Dr, C. Thomson.
A ?i-Nitrosoac©tanilid© in Benzene
Nitrosoacetanilide (0,1 g.) in benzene (0.75 ml.) gave the 
spectrum attributed by RÜchard?^to the radical Ph - N g: N - 0**
B 4-Chloro-H-Nitrosoacetanilide in Benzene
The nitroso compound (0,09 g.) in benzene (0.75 ml,) 
gave a spectrum which was atrributed to the radical g_-Cl*C^ H^ ‘^NïîH“0 * .
C N-Nitrosoacetanilide in Carbon Tetrachloride
N-Nitrosoacetanilido (0,09 g.) in carbon tetrachloride 
(0,65 ml.) gave very small peaks, which were definitely not those 
of the spectrum produced in 0.)* This spectrum consisted of 3 very 
broad bands, widely spaced,
D 4 -Chloro-N-Nitro5obenganllides in Benzene
4-Chloro-N-Nitrosobensanllide and 2 *,4,6*-trichloro-N-
nitrosobensanilide in benzene gave no resolvable signals, even when
othe reaction mixtures weze cooled to -20 C. initially.
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The m echan ism  o f  th e  d e c o m p o s it io n  o f  N - n i t r o s o a c e t a n i l i d e  in
organic solvents is one of the outstanding proplems in organic chemistry.
Work carried out prior to this investigation has already been described
in the Introduction (p. 6 ) and the various anomalous reactions of
N~nitrosoacetanilide as a radical source have been noted there. Reaction
schemes, discussed fully in the Introduction (p,15 ), have been advanced
to explain the reaction of N-nitrosoacetanilide with benzene, based on
25the S.SoRa spectrum of an intermediate free radical* RÜchardt ^ t al, 
attribute this spectrum to the phenyl diazotate radical, Ph'N_0 *, and
their scheme is shown below;
•n «’ixr 9 M aOàr* ^Ph<>N(NO)-Ac  ---) Ph*N:N» Ac — Ph'^ N/'" 4^ AcO"
Ph*N:N*OAc 4- AcO -- ~>Ph<.N 0 -h Ac^O
Ph'N_0^ + PhNr,"''  ----'^Ph'N_'0'N^'Ph — ^ Ph' -i- N" -? Ph-N.O-
rh
Ph* + PhH— ^ I « ,rn ^ Ph-Ph + Ph*N *CH' y i 2
AcO + Ph'Ng'OH — ^ AcOH + Ph-N^o"
A modification of this scheme, proposed recently by Suschitzky^'^^ is 
shown belows
Ph*N(NO) “Ac ^ :=^ rph<*N^ 0“‘ Ac^l  -- > Ph*NsN“0 “Ac fPhM OAcIZ L. O J
Ac^ + OAc —— 4 Ac^O
Ph =N_0 4- Ph “Nn'O "Nkj • Ph^ .a /O
The diazoanhydride then reacts as in R Ü c h a r d t scheme* Acetic acid 
is produced according to the following sequence of reactions;
128.
+Ac A*Ph“N_OK  Ph'N. OH ---------AcOH + PbN,.2  jà ' 2
77 70Perkins et a3^ , ' however, claim that the E.8 .R. spectrum is due 
to the intermediate radical [2o],
Their proposed scheme is as follows;
Ph’N;N“0*Ac •*— v-) Ph* t + ‘OAc
Ph* + Ph'N(NO) *Ac --^Ph-N*0*
Ph *N “Ac
(20)
+ (20) Ph'N'OHPh* + PhH + 1 :( Ph‘Ph + Ph »N “Ac 
Ph*N*OH
Ph“N;N“0"Ac + I  (20) + Ph- + %  + AcOHI / /'Ph'N“Ac
The details of the last step have not been defined, but a possible 
route is shown below:
Ph“N:N“OAc ==^Ph«M '*' + AcO"\ O
AcO + Ph“N “0H Ph“N*0
j J AcOH t j
Ph 'N “Ac Ph *N *Ac
Ph“N “0 Ph“N*0*N “Ph
j + PhNg' ^  I — ^ Ph* + Ng + (20)
Ph "N “Ac Ph*N“Ac
These two schemes are obviously very similar, the chief difference 
lying in the nature of the chain-carrying radical. For convenience, 
therefore, RÜchardt*s scheme is used in this Discussion whenever such 
a scheme is required, A clear decision between the two possible schemes 
will rest on a detailed analysis of the fine structure of the intermediate
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radical, but in any event, neither scheme accommodates celtain 
anomalous observations reported in the literature previously.
Accordingly, the work described in this thesis was carried out 
in an attempt to elucidate further the reactions of N-nitri'Soacylarylamines 
in organic solvents. Since Cadogan and Hibbert (see p. 17 ) had shown 
that jo- t-“buty 1-N-nltrosoacetanilide decomposed via an intermediate aryne, 
it was of interest to investigate the possibility that aryne intermediates 
might be involved in the reactions of N-nitrosoacylarylamines in general.
It was felt that the use of an N-nitrosobenaanilide, which would give 
rise to the more easily detectable benzoic acid and anhydride, if tho 
latter was formed, would lead to more useful results than an 
K*’nitrosoacetanilide. Reactions of N-nitrosobensanilides in organic 
solvents had not been systematically investigated before this study 
began,
REACTIONS OF N-NITROSOBENZANILIDES IN AROMATIC SOLVENTS,
lo Reaction in Chlorobensene,
It was first necessary to establish the products of the reaction
in aromatic solvents. Thus, d-chloro-N-nitrosofoensanilide
[ph“N® (NO) “CO-CgH^^ Cl C“’p)] on decomposition in chlorobenzene gave
2 "'ch 1 orobenzoic acid (95%) and a mixture of isomeric chlorobiphenyls
(47%), the ratio o:m:p being 60:23:17, This ratio is similar to
that (02j^ 3 ;24j-3:14j^ 3) found in the phénylation of chlorobenzene using
12 13 151benzoyl peroxide and other known radical sources" ' indicating
that the phénylation of chlorobenzene by N-nitrosobenaanilides is a 
radical process.
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IIc Réactions in Benzene,
The results of the reactions of substituted 4-chloro-N-nitroso- 
benzanilides [Ar»M(NO)*CO*O^H Cl (-n)l with benzene are summarised 
in Table 7 (p,67 ).
a) Reactions of Monosubstituted and Unsubstituted 4-chloro-
N-Nitrosobenzanilides [r -N-(NO)“CO“C^H^Cl(p)]
These reactions yield products analogous to those from the reaction
of N-nitrosoacetanilide with benzene. Thus, in every reaction
(RjmH, o-Br, m-Br, p-Br, p~Me) the major product is p-chlorobenzoic
acid (80-92%), with lower yields of the appropriate biphenyl (37-68%),
Additional products are formed in only two reactions^ bromobensene (0,3%)
zis produced in the reaction of 4-bromo-4-chloro~N-nitx’osobenzanilide 
(R=P’"Br) and phenyl 4-chlorobenzoate (1%) is formed in the reaction of 
4-chloro-N-nitrosobenzaniIide (R=K). It appears, therefore, that the 
reactions of N-nitrosobenzanilides in benzene follow a mechanism similar 
to that proposed ' j-'O tbe decomposition of nitrosoacetanilide,
a s shown ; (Ar:= p » C1 * C „ H . • )“r" O  4
Ph'N'(NO) 'CO'Ar — i»Ph*N;N*0 ^CO »Ar Ph%'^ + Ar'CO^
Ph“N“N “0 “C0“Ar + Ar * C 0 > Ph-N" “O"" + (Ar *C0)_ “O2
•Ph2Ph"N^“0” + Ph — A Ph*.N^  “0"N^ “  — i Ph* + N.^ + Ph-N^ "0
\ ' - i I"' Ph »N *0 «Ph- + PhH--------------------- --- 2, ph”Ph + Ph-N„-OH
Ph'Ng'OH + A r A r “C<^ 2€ + Ph'Ng'o"
The presence of the other products (bromobenzene and phenyl 
4—chlorobenzoate) may be accounted for by the formulation of additional
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reaction schemes which can take place within the framework of those
proposed by RÜchardt or Perkins
The formation of phenyl 4-chlorobensoate (p*Cl*0_H,*C0'0«Ph)— * b  4
may proceed via one of the following routes:
i) by the nucleophilic displacement by a 4-chlorobensoate anion of 
nitrogen from the intermediate diazonium cation»
Ph«N:N-0“C0-Ar -----------  -i- Ar«CO "-> Ar'CO'O'Ph + N
No esters are detected in reactions of the other monosubstituted .
nitrosoamides however, although the activating influence of a bromo 
substituent in the o~* or p- positions [e.g. in o - B r ,-N(NO) “CO-Arl shouldv«-> *- —  C 4
facilitate such a displacement.
ii) by combination of radicals produced in the hemolysis of the diazo ester, 
which may occur to a slight extent,
Ph'N:N'0'C0"Ar  ÿ Ph* + Ar-COO* + — > Ar»CO*0*Ph +
Tlio formation of bromobenzene in the reaction of 4^ *-bTem'^ '"4-chloro 
N-n it r os ob enzani1ide may be explained by abstraction of hydrogen from 
the cyclohexadienyl radical by a p-bromophenyl radical, 
e.g. p-Br«C„H • + PhH
V
p*Br-'C_H, “Ph + PhBr— K> 4
There are no products analogous to bromobenzene formed in the reactions 
of the other mono-substituted N-nitrosoamidos. however.
CA't -  p  ^ CL- Cfe M - )
CL CL
fs/(MoV CO'A-r Ar COCL (20
CL
CLCL
OH
4  Af. ec^H (s'X) 4 - (Anr coj^o
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The products of the reactions of mono-substituted 
N-nitrosobenzanilides can thus be adequately explained by the schemes 
previously proposed by RÜchardt and by Perkins,
b) Reactions of o-Disubstituted N-Nitrosobenzaniiides with Benzene.
When both o-positiona in the amino moiety of the nitrosoamide are 
substituted, however, the reaction appears to take a different course. 
The products of the reaction of 2 *,4,6’-trichloro-N-nitrosobenaanilide 
[21] are shown in Equation 1 opposite. In this case, very little 
P”chlorobenzoic acid (5%) is produced, and the major products are 
^-chlorobenzoyl chloride (20%) and 2-chloro-6-(^-chiorobensoyloxy)-* 
biphenyl [22] (19%), with smaller amounts of 1 ,2,3-trichlorcbenzene 
l3%), 2-chloro-S-hydroxybiphenyl [23] (5%) and p-chiorobenzoic anhydride 
(3%).
Isolation of p-chlorobenzoic anhydride from this reaction is the 
first indication that Rüchardt*s and not Perkins* scheme may be 
operative, and is in accordance with Suschitzky^s suggestion'*'^  ^  that 
benzoic anhydride is produced in the reaction of N-nitrcsobenzanilide 
with benzene. In the present investigation, however, carboxylic 
anhydrides have been detected in the reaction of 2j4,6 ’-trichloro- 
N-nitrosobenzanilide only, and not in the reactions of mono-substituted 
N-'iiitlosobenzani 1 ides with benzene.
The yield of £“Chlorobenzoic acid is unusually low for any of the 
previously proposed schemes to be operative. Prom the structure of the 
biphenyl ester [22] it is evident that one of the jo-sufostituents 
has been replaced, possibly by nucleophilic attack of a benzoate anion.
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A modification of RÜchardt*s Scheme, as shown below, can account for all 
the products. [Ar = p.Cl'C^H^»]
/  7‘"N;N*0‘  ^ ^COAr
Cl ?rCL
c N:N'0'C0Ar f ArCO
^ N:N*0*C0«Ar + Cl
+ Cl
N, + Ar*CO
X t
, ? X 7 %  Cl
XCO-rtr
N^O + (Ar-COgO
'/ \Vf^?P+ Ai-»C0*C1
'o-CO-Ar
, ArCo o
/
Cl Cl
A-yCOCl
J /
Cl"
O COAr
*4“ Ah H
'OCOA-h At COC'-'-X
-KLOH . N X  I
N,0H + A-r CO. N,0 4- Ax- CO,H
3
N,pH
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The low yield of acid may be accounted for if the 4~chlorobenzoate
ion (Ar'COg ) displaces the chlorisiefrom the diazonium cation rather
than abstracts a proton from the intermediate diazohydroxide (Ar»NgOH)*
The phenol [23] is not produced by hydrolysis of the corresponding
ester [23], since control experiments showed the ester to be stable under
the reaction conditions.
There is, however, one drawback to this scheme. The
diazoanhydride shown should be capable of homolysis in two positions,
giving rise to two biphenyls as shown;
.O CO'A-r CL O  COAr
CL
.CL
Ct
'/ y-
However, no 2,6-dichlorobiphenyl is detected in this reaction, suggesting
that an intermediate diazoanhydride of this type is not involved in
the reaction. Further work will be necessary to solve this problem.
The detection of 1,2,3'^tX'^hlorobenzene in the reaction suggests the
presence of free chloride ions. Such halogen displacement is well
152established. Thus, Hantzsch and Smythe have found that substituted 
ci-bromobenzenediazonium chlorides readily rearrange to the corresponding 
£~chlorobenzenediazonium bromides. Also, attack by a benzoate ion
<72 73would be similar to that demonstrated by Suschitsky' ' in reactions of
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and jp-fluoro-îf-nitrosoacylarylamines, but in that case the reaction 
has been attributed to the enhanced electronegativity of the fluorine.
The absence of the corresponding benzoy1oxybiphenyIs (Ar*C0*0«C^H^*Ph) 
in reactions of 2 '-bromo and 4'“bromo-4-chloro-N-nitrosobenzanilides 
[i.e. ^-Br*CgH^*N(NO)♦COAr and p*Br*N(NO)COAr] seems to add support 
to Suschitzky's results that halogens other than fluorine are not 
replaced in monohalogeno compounds. In the present case, where there 
is a chloro substituent in both o^-positions in the amino moiety in the 
molecule, there is presumably sufficient activation for one of the 
halogens to be displaced (c f. Ref, 164), The blocking of both:
£-positions, however, may cause the reaction to proceed via a pathway 
not previously preferred, i.e. elimination of a halogen rather than 
formation of the carboxylic acid, because this is the only course now 
possible.
Thus, apart from this case, there are obvious similarities between the 
decompositions of N-nitrosoacetanilides and N-nitrosobenzanilides, 
and there is no evidence even to suspect the intermediacy of an aryne.
There is, hov/ever, one observation which seems to suggest that 
N-nitrosoacetanilides and N-nitrosobenzanilides do not decompose by 
the same mechanism in benzene. The decompositions of N-nitrosoacetanilide 
and p-chloro-N-nitrosoacetanilide [ ^ * 0 1 «NCNO)*Ac] give E.S.R. 
spectra which can be attributed to the phenyldiazotate radical (Ph*N^O*) 
and the 4-chlorophenyldiaaotate radical (p'Cl*C^H^*NgO*) respectively 
(c.f. Ref, 75), Howeven 4-chloro-N-nitrosobenzanilide
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[Ph“H(NO)"CO°C^K^C1(^)] in benzene shows only a weak, unresolvable 
signal, which is not that shov/n by N-nitrosoacetanilide, It nmy 
foe that the nitrogen and the p-chlorobenzoic acid which are formed 
in the reaction interfere mechanically with the production of the 
spectrump Alternatively, the reaction may be so fast that the presence 
of the radical is unnoticed* This is unlikely, however, since 
attempts to produce a spectrum have been made with the reaction mixture 
initially cooled to -20 C^,
III, Reactions of N-Nitrosoacylarylamines in Carbon Tetrachloride,
a) Reactions of N-Nitrosoacetanilide,
The decomposition ot N-nitrosoacetanilide in carbon tetrachloride 
has been reported^'^^'^^^^^'^" to give benzenediazonium chloride as an 
intermediate and to yield chlorobenzene and acetic acid, but no 
hexachloroethane. No mechanism for the decomposition in carbon 
tetrachloride has been proposed. This reaction has now been 
!■©“'investigated and has been found to proceed in two stages. At 
room temperature, nitrogen (45% of the theoretical amount) is evolved, 
leaving benzenediazonium chloride, chlorobenzene and acetic acid. On 
being warmed to 40^C, the diazonium salt decomposes with the elimination 
of nitrogen (a further 35% of the theoretical total value) to give 
the final products, acetic acid (54%), chlorobenzene (33%), and 
phenyl acetate (5%), Evidence for acetic anhydride (15%) comes from 
the I.R. spectrum of a distillation fraction, from the formation 
of acetanilide on the addition of aniline to this fraction, and from 
the titration figures (see p. 93 ) before and after the addition of aniline,
— A f  - cq,HfZ• Cfc a/^ a/oJ - Co A
137.
The presence of acetyl chloride in a second distillation fraction ic 
suggested by the smell, the acidic fumes and the production of 
acetanilide on the addition ot aniline to this fraction. Hydrogen 
chloride «5%) must also be present since aniline hydrochloride is 
produced* Phosgene has been detected by phosgene test-paper, but 
no N,N’"*di phenyl urea has been isolated from an aqueous aniline trap.
The E,S,R. spectrum of H-nitrosoacetanilide in carbon tetrachloride 
is entirely different from that in benzene. In this case, a triplet 
of triplets is obtained, but this is so weak and disappears so quickly 
that it cannot be resolved, Nitrosoacetanilide therefore appears 
to decompose by different mechanisms in benzene and in carbon 
tetrachloride.
b) Reactions of Substituted 4-Chloro-N-Nitrosobenaanilides*
[R'C„H . -NCNO) ’CO.C-H.CKp)]if. o  4  — ‘
The products from the reaction of the unsubstituted and
mono-substituted (R=o~Br, m-Br, p-Br, p-Me, p-NO.} nltrosobenzanilides 
in carbon tetrachloride again parallel those from the reaction of 
N-nitrosoacetanilide (see Equation 2), and they are summarised in 
Table 8 (p. 78), One of the important products in these reactions 
is jp-chlorobenzoic acid (29-72%), which, in this solvent, cannot have 
arisen by the schemes proposed by Rücliardt or Perkins, p-Chlorobenzoic 
anhydride, as required by Rüchardt*s mechanism, is also produced, but 
in much smaller yields (6-19%),
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Another feature of these reactions is the formation of aryl halides-;
Those formed from the reaction of compounds containing bromine or a 
nitro group in the o- or ^ -position in the amino moiety show replacement 
of the substituent by chlorine. [Ar =
e.g. p*Me*C^H^*N(NO)*COAr -- -7 p-Me*C^H.Cl (25%)— 6 4 — 6 4
but p-NO.*C„H.*N(NO)*COAr-- i p - N O , ^ .-Cl (32%) + p-Cl*C^H,*Cl (2%)—  Z b  4  f —  z  6  4  —  6  4
and o-Br*C^H. *H(NO)*COAr --^  o»Br*Cll. *C1 (15%) + o"Cl'C_H.*Cl (12%)— 6 4 *— 6 4  — b 4
t o*Br-C_H.-Br (11%).— 6 4
This displacement of bromine and a nitro group by chlorine is 
noticeable also in the formation of substituted phenyl 4-chlorobenzoates 
in these reactions.
e.g. p.Me*C^H^»N(NO) »COAr ----  ^p*Me»C^ H^  ^«0^COAr (0.5%)
but p*NO_ *N(NO) -COAr ---  ^p.Cl*C^lL •0‘CCAr (11%)-7* 2 0 4 — b 4
and p*Br «C K <N(NO) *COAr —  ^p*Br «C-H . •Q*COAr (1%) t p*Cl#C_H, *0*COAr_ ^ 4 -  •- 6
The yield of ester appears to depend on the substituent present . Compounds 
with m-substituents [e.g. ra-Br *N(NO) *COAr] and those with an
electron releasing group in the p-position [e.g. ^ * M e • N ( N O )  •CQAr] 
give very low yields of ester ( « 1%).
IVhen both ^ -positions in the amino moiety of the nitrosoamide are 
substituted, the reaction takes a different course. The products of the 
reactions of 2*,4,6’“trichloro- and 4-chloro-2*,4*,6 ’-tribromo-N- 
nitrosobenzanilide with carbon tetrachloride are detailed in Table 9 
(p.85 ), The major product of the reaction of 2',4,6'-triohloro-N- 
nitrosobenzanilide is ^ ohlorobenaoyl chloride (45%) [see Equation 3],
Cl
(A<=- ,p-cc'
'Vf'l(r/o)c.O-A-v - — —  > At-CO<X (h-$%J ■+ A-T-CO^H (sl%J 
CL   a.
+  (4 ^ 0 0 )3.0 +  <^r~Vct (n.%)
Cl
+ K y-o-co-A-r (s %)
lf<l
6 r
& , - ^  ^ o - C o - A - f  ( a i % )  -V A -r  C o ^ H  (s% )
^  ^ <LL<%(riO Va.
I A t  = Cl" CgWy.- y
Bf
CL
O' CO
M
■+- A-r'CoCt (t%j
+  ^  {o-y%j + \  /  (2%)
ar" 6 /
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with smaller ëiniounts of p-'-chlorobenssoic acid (2%), p-chloroben^ '.oic 
anhydride (0 ,6%), 1/2,2-t,richlorobenaene (4%) and 2,3-dichlorophenyl 4- 
chlorofoensoate [25] (3%), An unidentified brown solid is produced in 
this reaction in considerable amount^’
In the reaction of 4*«chlorO“*2 ’ , 4 *, 8 ’-tribronio-N-'ni trosobensaRllide 
[see Equation 4] the major product is 2,3,5-tribromophcnyl i-chlorobensoat^ 
[26] (21%), Tout also formed are p^chlorobensîoic acid (2%),
2-chloro-3,5-difororaophenyl 4-chlorobenKoate [27] (4%) . p-chT orobensoyl 
chloride (1%), l~chloro~2,4,G-'tribromoben&ene (0,7%) and l,2,3,5"tetra~ 
bromobenzene (2%),
By comparison of Equations 2,3 and 4, it is clear that, when bobh 
oppositions in the amino moiety are substituted, the formation of acid, 
acid anhydride and aryl halides is suppressed, and the formation of 
acid chloride or esters predominates*
Each of these products will now be discussed in detail»
1« Formation of p-Chlorobenzoic Acid»
The decomposition of 4-chloro-N-nitrosobenzanilide 
[ph^NCNO) •Cü"C^H^'ClC^ p)] in carbon tetrachloride yields, as the 
major product, p-chlorobenzoic acid (45%), That the acid is a primary 
product is shown by the fact that neither p-chlorobenzoyl chloride nor 
p-chlorobenzoic anhydride is hydrolysed to the acid under the reaction 
conditions. Since both schemes previously proposed depend on the 
solvent to supply hydrogen for the formation of the acid, the acid 
produced in the reaction with carbon tetrachloride must arise by some 
other mechanism, the acidic hydrogen originating in the nitrosoamide itself
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The y ie ld s  o f  c a rb o 3 C y lic  a c id  fo rm e d  fro m  th e  r e a c t io n s  o f  s u b s t i t u t e d
N~nitrobenzanllides with carbon tetrachloride are shown in Table 13,
Table 13 
Ai^p»Cl»C H , •
R in R*C^H^N(NO)'COAr J^ NO,^  ^"Br p-Me ^ -Br g-Br diCl 2,4,6 triBg J^Br
I
Yield (%) of Ar*COOH 68 49 79 29 57 2 2 I 65 4C
It is apparent that acid is produced as the major product in reactions 
of all N-^nitrosobenzanilides except those in which both posit ions in 
the amino moiety are substituted, A similar effect has already been 
observed in benzene. It would therefore appear that the a-position 
in the amino moiety is the origin of the acidic hydrogen, although, by 
having two ^ -substituents in the one molecule, the reaction path may 
have been altered considerably. It may be that a reaction which is 
not generally preferred (e.g. elimination of a substituent) is forced 
to occur in preference to the,formation of p-chlorobenzoic acid by 
abstraction of hydrogen.
Since Cadogan and Hibbert had shown (see p, 17) that, in the 
reaction of o-t-butyl-N-nitrosoacetanilids with benzene, the o-hydrogen 
was removed in the formation of acetic acid, giving an intermediate 
aryne, it was felt that a similar mechanism might be operative here, 
even without the influence of the bulky o-t-butyl group.
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i.e.
r HI'I   ? + A r - C O O H + r a
' < ^ ' H  O -CO Ar 'ï 5n  '
Î
4** Av'COi
H
Experiments were therefore designed to trap an^ / intermediate aryne 
which might be present, using Imown aryno traps. The results of 
these experiments will be discussed later (see p,157)^
2 » Formation of Acid Aaihs^ 'drides ,
p^ -^Bromobenzoic anhydride (13-17%) has bean isolated from reactions 
of substituted 4--bromo-N-nitrosobensanilides [Ar^NOTO) *CO*C,.II ’BrC-p)! 
in carbon, tetrachloride (see Table 10,p, 90), Similarly, 
pychlorobenzoic anhydride (1-19%) has been isolated from reactions of 
substituted 4-ch 1 oro-N-niti-’osofoensani 1 ides [Ar(HO)«C0 * C 1 (^)]
[Table 8 , p. 78], the yields depending on the position of substituents 
in the amino moiety. Very low yields of anhydride are found in the 
reactions of compounds having substitutents in both o-positions in the 
amino moiety [e.g. 2*,4,6 '-1richloro-H-nitrosobenzani1ide] [see Table 9,
p* 85], presumably because, as has been already suggested, the reaction 
prefers to take a different course in such cases. There is also 
evidence for the formation of acetic anhydride (15%) in the reaction of 
H-nitrosoacetanilide with carbon tetrachloride.
The isolation or detection of carboxylic anhydrides in snoh 
reactions has not been reported previously, although Suschitsnky has 
recently suggested that benzoic anhydride is produced in the reaction 
of nitrosobenzanilide with benzene. Their presence is in accord with 
the reaction scheme proposed by Eüchardt, i.e. attack of a benzoate 
anion on the diazo ester,
e«g. Ar‘N(NO)‘COAr* --) Ar.NîN*0 'GOAr* --\ ArN^ "*" + Ar*CO”
Ar-NîN‘0 »CQAr* 4 Ar*CO ~ ) Ar.N_o" t (Ar* *00)^0 
"Khe formation of acid anhydrides by Suschitaky*s modified scheme is 
also possible:
ArN(NO) 'COAr -   ^Ar*N„o“ Ar*to--- > Ar.NtN'O-COAr* ^ =aAr.N Ar * «00 '2 3 2
Ar* Æo + Ar* *C0^ --- '"^ (Ar*CO) 0
The reaction cannot proceed in carbon tetrachloride as proposed in
these schemes, however, since no acid formation would be possible in 
this solvent.
3. Formation of Aryl Halides,
Aryl halides are among the major products of all reactions of
Nynitrosobenzanilides in carbon tetrachloride, apart from those in which
both _o-positions in the amino moiety are substituted (see Tables 8,9,10, 
pp. 78,85,90 ). In the decomposition of nitrosoamides having bromine 
or a nitro group in the or p-* position in the amino moiety 
[e.g. p"Br •N(NO)GO*Ar] aryl halides are formed in which the 
substituent has been replaced by chlorine, as shown in Table 14.
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Table 14
Yield (%) of Aryl Halides from Ar‘N(MO)«CO,Àr*[Ar*=P‘Cl‘C_H. -1
Ar in Ar *N(NO) *COAr* ArCl ArBr p-Cl-C^Cl
Ki 4
n*Cl'C_H.Cl 0"C1'C_H,C1c 4 —“ Cv 4
Ph 26 - — — —
p'Me'C H
—  b 4 20 - -  -
p-NOg-CgH^ 32 — 2 —
P'Br.CgH^ 26 5 25 — —
m*Br*C_H. 
■—  6 4 32 2 — 1 —
o-Br
—  6 4 15 11 12
2,6-diCl«C H 4 - - —
2,4,6-triBr"C^H/ 0,7 2 — — —
Since the phénylation of chlorobenzene by N-nitrosobenaanilides 
has been shown to be a radical process, it is possible that radicals 
may also be present as intermediates in reactions in carbon tetrachloride. 
In this connection, the observation of an E.S,R, signal in this system 
indicates the presence of radicals, but in unknown concentration.
Aryl halides v/ould thus occur by abstraction of chlorine from the
carbon tetrachloride by an aryl radical.
Of* ]i.e* Ar*N(NO)’COAr* --- A^r*>  ^4-^ ArCl t "CClg,
The trichloromethyl radicals thus formed would be expected to 
dimerise, giving hexachloroethane. No trace of this dimer has been found 
by GaL.C, in any of the reactions,however,and none has been isolated, 
which seems to suggest that formation of the aryl halide may not be 
a radical process. The trichloromethyl radical may, however, be
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scavenged by some other, more stable radical, e.g. Ph*H^ '*0 * which can
lead to Ph'-H:îî 0 '■GClg. Presumably- thic would decompose to
chlorobenzene, nitrogen and phosgene. Phosgene has been shown to
be present in some of the reactions, but the yield is probably very
low as no N,N*~diphenylurea has been isolated by reaction with aniline.
Scavenging in this reaction would be similar to the reaction of
123phenylag ot riphenyImethane with carbon tetrachloride, where the
absence of hexachloroethane is attributed to the scavenging of the
trichloromethyl radical by the more stable triphenylmethyl radical.
Alternatively, the trich1oromethy1 radical may be incorporated into
the residue, which has h é ^  shown by sodium fusion to contain both
nitrogen and chlorine.
The absence of the dimer, however, may be explained, quite simply,
if the aryl halide formation is not radical at all, but ionic. There
may be, in the reaction, an intermediate carbonium ion Ar . Such an
16^intermediate has been proposed by Franck and Yanagi ” in the 
decomposition of 2,5“dl-t’*l)utyl-N-nitrosoace-tanilide where the bulky 
_o- group is said to be responsible for the rapid elimination of nitrogen 
from the diazonium cation. In the present case, there is no such 
motivation for expulsion of the nitrogen, however.
Attack of a carbonium ion on carbon tetrachloride can lead to an 
aryl halide and a trichloromethyl cation which would not be expected 
to dimerise, but which may take part in further reaction * 
i.e. Aj-’N(NO)*COAr' ---) Ar''' ArCl + Èci,,
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A t h i r d  p o s s ib le  m e thod  f o r  th e  fo r m a t io n  o f  th e  a r y l  h a l id e
involves the intermediate diazonium chloride, which has been shovm
to be present in reactions of i'T-nltrcaoacylarylamines in carbon
tetrachloride. The diazo group is readily displaced by nucleophilic
162attack of a halide ion. In this reaction, the following reaction 
can therefore be expected to occurs
X / n \  / / ^\    ^ X ~ (/ p--Cl + Ng
\zzz:/CL
A higher* yield of aryl halide is then to bo expected it :l is electron 
withdrav/ing (e.g. X=NOg ) than if X is electron releasing 
(e.g« X-Me ) . This is borne out in practice (Table 14, p. 143).
The diazonium chloride may be produced by one of the following 
methods 2
(x) By one electron transfer from ?. trichloromethyl radical to a
diazonium salt, ,*001^ 4 ÎArN^ 4 Ar * 00,^ "" )--) Ar CCI. 4 Ar^ CO^ *» ^* JTO  ^  ^ OArir ‘ CCX,,--^ArlC'cl + SCC1„o Z 3
However, no products from further reaction of the acetoxy radical 
(especially carbon dioxide) have been found, and previous attempts 
by Hibbert to trap dich1orocarbene in a similar reaction of 
N-nitrosoacetanilide hctve been unSucoiesaful,
(ii) By abstraction of a chloride ion from the carbon tetrachloride 
by a diazonium cation.
e.g. Ph-Ni + CCI, —) PK*n/ ci" + tci^Z ' A o
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(iii) By the scavenging action of the phenyl diaaotate radical, 
e.g. Ph'N^'O' 4 "CClq ^Ph’N^’O-CClg
'V"4
P h ‘N ^  Cl 4  C O C l .2 2
Since phosgene has been detected in certain reaction^ this may be 
the method of production of the diazonium chloride. However, the 
experiments carried out in this investigation do not allow a decision
over the genesis of the diazonium chloride to be made.
There are thus three possible modes of formation of the aryl 
halide;
Ar* 4  C C l j ----- ) ArCl 4  *001^
Ar"^ 4  C C l ^ -----) A r C l  4  6ci,,
Ar*N^ Cl   ^ArCl 4
all of which may take place simultaneously.
The multiplicity of aryl halides produced in the reactions of 
nitrosoamides having a bromo or a nitro substituent (see Tabl 14, p. 143)
can be rationalised on the basis of the intermediate diazonium chloride,
152 ,Hantzsch and Smythe have reported that substituted o- and ^ “bromo-
bensenocUazoni-vMChlorides rearrange to the corresponding o- and
pychlorobensenediazonium bromides,the ^ -substituent being more readily
replaced than the p-substituent, and tl-e m-substitutent showing no
14exchange. Hey et al. have reported a similar bromine-chlorine
exchange on the passage of hydrogen chloride through a solution of 
l“p-bromophenyl-3,3”dimethyltriasene. It is therefore reasonable to
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assume that a similar rearrangement occurs in the intermediate 
diazonium chloride in the present reaction.
e.g. p.Br•CgH^N/ci" ^ p-Cl‘CgH^N/Br~
Such a rearrangement leads to the presence of both chloride and
bromide ions in the solution, and both of these can attack either
or both of the diazonium cations, yielding a mixture of aryl halides, 
as shov/n:
p"Br*C_H.N/ci~  A  P'C1‘C„H,N/Br"
P'Bï-*C_H,n/  + Cl" > p.Br*0„H.*Cl + N„— 6 4 2  — u 4  2
p*Br*C + Br  4 p*Br»C/H,Br + N,,— 6 4 2  / — 6 4 2
^•Cl‘CgH^N/ + C f  ? p-Cl*CgH^,-Cl + Ng
P*C1*C_H.n/ + Br" k p*Cl*C,H.Br + N„— 6 4 2  / —" u 4 2
^Bromochlorobenzene may thus be formed in two ways,
Tlie rearrangements in other reactions will occur in a similar way.
The diazo group activates tho o-position more than the p-position}^^ 
and so the rearranged aryl halides would be expected to constitute 
a greater percentage of the total aryl halide in the reaction of 
^-substituted nitrosoamides than in the reaction of ^ -substituted 
nitrosoamides. This is borne out in practice, as shov/n in Table 14 
(p* 143), There is very little exchange with a m- substituent or 
where the substituent is a nitro group. This agrees with the results 
of Hantzsch and Smythe,
The free bromide ions may be responsible for the trace of bromine 
thought to be p.resent in reactions of nitrosoamides having a bromo
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substituent in the amino moiety [e.g. p»Br*C H 'N<NO)*CO*Ar].
Similarly, the brown fumes observed in reactions of nitro-substituted 
compounds [^-NO^ *N(NO) •GO‘Ar] may originate in the displaced
nitrite ions.
A further point to note about the halogen exchange reaction 
arises from reactions of substituted 4-bromo-N-nitrosobenzanilides 
[r*'C^H^N(NO) «CO'C^H^Br • (p)] in carbon tetrachloride (see Table 10, 
p. 80). In the reaction of 4-broao-4^-nitro-N-nitrosobenzanilide 
(R?=P"NOj^ ) not only is there formed ^ -chloronitrobenzone (33%) and 
^-dichlorobenzene (2%), but also j?-bromonitrobenzene (1%) and 
^“bromochlorobenzene (0,2%), The bromide ion for the halogen exchange 
must, in this case, come from the acyl group in the nitrosoamide, thus 
suggesting that tne following z'saction has occurred;
Ar*N:N'0*C0’C^K.Br + Cl"* Ar*H:N*0*C0*C^H^C1 4- Br"
However, no products corresponding to the nitrosoamide
Ar*N(NO)•CO'C^H^Cl have been isolated, so that the evidence for such
an exchange cannot be said to be conclusive.
4. Formation of Esters.
Esters (substituted phenyl 4-chlorobenzoates) are found in every 
reaction in carbon tetrachloride, but the yields depend on the nature 
and position of the substituents in the amino moiety of the 
nitrosoamide (See Table 8,9,10, pp.7^,85, 90 ] . In reactions of 
compounds having a bromo or nitro substituent in the p or p- position 
of the amino moiety, displacement of the substituent by chlorine is 
again apparent, as shown in Table 15.
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T a b le  15 [A rV -- 1
Ph '>N(NO) 'COAr * ----
6 4
 ^ Fh‘0 »C0Ar* (18%)
) p*Me*C^H.‘0‘COAr* (0.5%)6 4p'Me'CJH, 'N(NQ) 'COAr*—" 6 4
m'Br«C•N(NO) 'COAr* — — ) m “Br'C,J-L "O'COAr* (0.3%)6 4 — fe 4
 ---"> P'Br'C.H^'O'COAr* (1%) F p-C.T‘O^ .H .‘ 0 -COAr * (6%)p "Br *C/H, *N(NO) "COAr *6 4
O'Br'C.H, *N(NO)"COAr*—* fe 4
P'NO^'O.H , '’N(NO) "COAr*2 b 4
a.
N (k\ o) ' C-O ' a  "T ^
Cl
i o^Cl»C^H^*0*C0Ar* (1%)— b 4
4 P'C1"C^H.‘C'COAr* (11%)' o 4
(3%)
O'COAr'
n (n o ) COA-»-'
By' gr
~r
B^ '\:ÿ^ ''0'C0A*r ' COAr '
( jai 7o)
ït can foe seen that compounds containing a m-substituent or an 
electron-donating substltutent in the p-position , < '
[e*S* P'’Me“CgH^ *^N(NO) "COAr *] give very low yields of ester and show 
no displacement by chlorine. The simple esters
[i,e, Ar'N(Wp) "CO®Ar* ■- " ) A%'*0*00Ar*] formed in those and the other 
reactions may be produced by elimination of nitrogen from the 
intermediate diazonium cation by the attack of a benzoate ion, as 
shov/n 5 ^
'-N:N"0"C0 "Ar f; Ar "GO-O'Ph
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Alternatively, tho benzoate ion may attack a carbonium ion, which 
has already been shown to be a possible intermediate (see, p, 144 );
i,e^ f/ ^  Ar'COa"
Because of the activating influence of electron withdrav/ing groups
(Oag, -NOg., -Br) on nucleophilic displacement,compounds containing
such groups [e.g. p»Br-C^H .N(NO)*00*Arl— o 4.
in the or _p- position should yield more ester than those with electron- 
donating groups as substitutents. This is borne out in practice, as 
seen from Table 15, (p. 149).
In the reactions of compouiids with substituents in both o-positions 
in the amino moiety of the nitrosoamide [e.g. 2*,4,8*-triohloro-N- 
nitrosobenzanilide] it is postulated that one of the more easily 
accessible o^-substituents, and not the hindered diazo group, is replaced 
as a result of the nucleophilic attack of a benzoate anion, giving 
rise to rearranged esters (see Table 15, p.149), The reaction of
2 ^,4,G^-trichloro-N-nitrosobenzanilide would then proceed as shown;
_^CJ.  ^OCOA t ' ___ ,OCOA-r'
/ /  - ^ A r ' c o : -------
CL
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The chlorine may foe incorporated into the molecule foj’ nucleophilic 
displacement of the diazo group foy the chloride ion, or, alternatively, 
by homolysis of the diazo compound followed foy abstraction from the 
carbon tetrachloride*
In the reaction of 4'~chloro-2, *4^6 ^ -triforomo-N-nitrosofoenzanilide, 
the o-foromo and not the p-fororao sufostitutent is replaced, showing again 
the readiness of jo~substituents to exchange. Chloride ions (from the 
diazoniuin chloride) will also foe present in the solution and so a mixture 
of products will result, as shomiî
D4. Ar CO
Cl
o  C O  A r
6 v
C O
A similar type of displacement appears to foe operative in reactions
of compounds having a foromo or a nitro substituent in the o- or
Pyposition in the amino moiety (see Table 15, p.149), This
displacement may occur by preliminary halogen exchange in the
diazonium chloride
G.g" + _ + Ar-CO "p-Bi-CgH^-Ng Cl --- ) P ' C l . G g %  ---------- p.Cl-CgH^.O.CQAr
However, it is more likely to occur by nucleophilic displacement of the
substituent by a benzoate anion, as already described.
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e.g. p'Br H M /'ArCOg"----> Ar'CO Ar'CO-Q.CgH^Gl^^O
Since no 4-^nitrophenyl ‘i-chlorobensoate is found in the reaction of 
4-"Chloro-4^-nitro-Nynitrosobenza:.iilide, the displaced bromide or nitrite 
ion presumably prefers not to attack tho diazoniusn cation.
Such nucleophilic displacement by a benzoate ion in monohalogeno 
compounds is in contrast to Suschitsky's observations " that halogens 
other than fluorine are not displaced by a benzoate Ion*
There are therefore two ‘possible reactions leading to ester 
formation;
4- ArCOg" ---    ^ X«C H^'0“CCAr + N
<b)
Ar-C0 *0 ”C„H^HP + Xb 4 2
VAr*C0*0=n H.Clb 4
Path (a) will be operative alone, unless the substituent X is a good 
leaving group»
It must be noted that there is an absence of isomeric esters in
those reactions, in contrast to the reaction of o-t"bUtyl“N“nitroso--
acetanilide in benzene,which suggests the absence of any true aryne
intermediate. The usual, established reaction between an aryne and a
■>17carboxylic acid is as follows:"^
CC-A-r
I I + A r * C O O H -------> ; ij- I
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5 p F o« rm ation  o f  A c y l  H a l id e s ,
The main product in the reaction of 2%4,S^~tric3iloro-H-nitroso- 
hensanilide is p-chlorobenzoyl chloride (45%) [see Table 9, p, Ss] . 
This may have arisen directly tTom the diazonium chloride, as shov/n?
 <CL(/ V ^ * N 0 ‘C0*AY (/ V  Cl
CL
Ar' 'N:N'0"C0Ar t Cl" — >Ar‘'^ N^ o"' t Ar“COGl
V- J.
5‘ s M » n ” nn  4- n ^ a ^
However, since the acid chloride is the main product of the reaction
of this nitrosoamide with benzene, and since acid chlorides are not
formed to any great extent in any other reaction, it is more probable
that the chloride ion is produced by nucleophilic substitution. Such
72 "^ 3^a reaction would be similar to that proposed by Suschitzky ^ ' to 
explain the production of acyl fluorides from reactions of 
j)-f Ta or 0‘-N~ni tros oacylary lamines with benzene,
.^CJ.
CL ,C-L
/ \)- + A-r CO^   )
O-CO-Av
 V.
Cl  < O'CO AT
CL __/CL
-N'H-O-COAr Cl — > '^yN^O 4- A v C O C L
\ _CL — ^C L
possibl'v
OCOA-r CL ycO/ÎT- ct
r ( /  \ - N , 0   -J> ^  y Np O \
V .-ry^ \ /  ‘"2 Vrzi/CL 'U. CJ.
products
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This reaction scheme has already been proposed to account for the 
presence of 2,3-dichlorophenyl 4'-ohlordbonzoate [%5, p*139] in this 
reaction.
A third possibility, again vtnlikely because it would foe 
expected to occur in every reaction, is the following sequence of 
reactions;
Ph*N;N»0*C0*Ar -— + ArCO^~
PhN^’'— > Ph"^  — — '^4 ---) PhCl t tcig
A r C O + tcig ) Ar«C0'0'CClg-— ) Ar*COGl t COCl^
6 . Miscellaneous Products.
Some further products of the reaction of 
4 *"'bromo~'4'~chloro‘-N-nitrosob0nnanilido [p“Br‘CgH^NCNO)*GO*Ar] require 
an explanation. Hydrogen chloride is apparently produced in the 
reaction, since the addition of aniline to distillation fractions 
results in the production of aniline hydrochloride. This may have 
arisen by abstraction of hydrogen from the nitrosoamide by a chloride 
ion.
The brown colour which developed in the carbon tetrachloride distillate;
after a few days, but which was discharged by the addition of cyclohexene,
is probably due to bromine, but there is no proof of this, the quantity
of the addition product with cyclohexene being too small to be detected»
Unidentified solids obtained from the reactions of
4®-bromo'-4«chlorO‘*N-nitrosobenzanilide [p~Br"C(NO)*C0*C^H,C1 (-p)l—  ***• Ü  4  o  4  —
and 4,4*-dibromo-N-nitrosobenaanilide [p-Br*C^H^«MiNO)•CO-C^H^*Br (-£)] 
seem to be identical from the I.R. spectrum, and from m.p, and mixed
:i53
Om*p, (181 ), These compounds must thus arise from the 
moiety. The I.R, spectrum shov/s >NH and >C=0 absorption.
The possibility of its being K^N'-bis-'(4-bromophenyl)-urea 
[p*Br«C^H . *NH*CO**NH*C.^ H .'Br(p)] can be ruled out by its m.p,—* o 4 v3 4 - '
(lit* 330^) and analysis [Found; C, 44,2; H, 2.5; N, 7*8%, C^gH^^Br^NgO
requires C, 42,2; K, 2,7; N, 7,6%],
Further, the reaction of 2*-bromo-4-chloro-N-nitrosobenzanilide
in carbon tetrachloride gives a solid m.p. 228^ [Found; C, 44.0; H, 2,4;
N, 7*S%] which appears to be isomeric with the previous compounds on
the basis of the analysis and the X.R. spectra. Sodium fusion of this
solid shows the presence of bromine and nitrogen. These compounds are
as yet unidentified.
7, Summary of Reactions of H-Nitrosoacylarylamines v/ith Benzene and
Carbon Tetrachloride.
The products of the reaction of N-nitrosoacylarylamines in benzene
have been explained in the proceeding pages (pp. 1 3 0 - 1 3 using a
modification of the scheme proposed by RÜchardt e^ aie
In the reaction of N-nitrosoacylarj)'lamines in carbon tetrachloride
the accountance of the products is much lower than in benzene, often
less than 50% , Much intractable residue is formed* This "is found
to contain nitrogen and chlorine, but gives no reaction on attempted
reduction or hydrolysis with acid and alkali. It therefore does not0
contain or R*0“C - linkages* Apart from the unidentified
products in reactions of compounds containing a bromo substitutent 
(see p*154), explanations have been given for the presence of all
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products except the carboxylxc acid, which in most cases is the major 
product.
A typical reaction scheme is shown below.
Ar*N(NO)’CO*Ar'— —  ^Ar'NtN'O'CO'Ar* Ar'N t 0*C0*Ar'
Ar*N;N*0»C0*Ar’ + 5"CO'Ar'-- f A r + ( A r * C O ) p O
Ar*N^ *^  t 0"C0*Ar' — —  ^Ar*0*C0*Ar' +<0 6
Ar'No"^  t Ar»N_0 -- ^ Ar "N^  "0«N^  *Ar  ^Ar* t t Ar*N^O*
+ + CC1 4*Ar*N^ —  ^Ar ---- 4-A ArCl t CCI<rj ' o
Ar* + CCI -- ) ArCl t-CCl.
Ar'N.O* +*CC1_--^Ar*N_'0"CCl_---^Ar-N^ Cl"+ COClji O Æ %!> ' 2 ^
Ar'N.o" + tci_— f Ar'N_*0'CCl_ 4 Ar-nt Cl t COCTAt O /i O  ^ a %
Ar'Ng Cl ^ ArCl (t exchange products) +
This scheme,however, cannot accoîmnodate the formation of carboxylic 
acid ifAf?®COOH). It has been suggested (p. 140 ) that the o^ p^osition in 
the nitrosoamide provides the acidic hydrogen, possibly via an aryne 
intermediate. Results of experiments designed to trap any intermediate 
arynes will now be discussed.
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D e c o m p o s it io n  o f  N- N i t r o s o a c y la r y la m in e s  i n  B enzene and i n  C a rbo n
Tetrachloride in the Presence of Dienes as Aryne Traps.
In an attempt to trap aryne intermediates in reactions of
niti*osoacyiarylamines without bulky _o-substituents, reactions have been
carried out in the presence of îsnovm aryne traps. No bensyne/furan
adducts have been isolated from reactions of 4“Chloro-N"-nitrosobenzanilide
or 4-chloro“4'“methyl-N-nitrosofoenzanilidG in the presence of furan,
although ^ -chlorobenzoic acid is isolated in high yield, and control
experiments have shown that the adduct is stable under the reaction
conditions. In the presence of anthracene, no triptycene is obtained
from the reaction of N-nitrosoacetanilide, but triptycene (4%) is isolated
from the reaction of 4-chloro-N-nitrosobenzanilide, The use of the more
reactive diene, 2,3,4,5-tetraphenylcyclopentadienone, however, has led
to the isolation of 1,2,3,4-tetraphenylnaphthalene (23% and 37% respectively)
from reactions of N-nitrosoacetanilide and 4-chloro-N-nitrosobenzanilide,
When authentic benzyne is generated from amyl nitrite and anthnamlic
acid in the presence of mixtures of 2 ,3,4,5-tetraphenylcyclopentadienone
153and anthracene and of 2,3,4,5-tetraphenyIcyclopentadienone and furan,
1.2 .3.4-tetraphenylnaphthalene alone is isolated from the reactions, 
showing that 2,3,4,5-tetraphenylcyclopentadienone is superior to both 
anthracene and furan as a benzyne trap. However, when N-nitrosoacetanilide 
is allowed to decompose in benzene in the presence of
2 .3.4.5-tetraphenyIcyclopentadienone and furan, no benzyne addition
153products are obtained, and the major product is 2-phenylfuran.
It appears, therefore, that the intermediate being trapped by
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2 , 3 , 4 , 5 - te t r a p h e n y lc y c lo p e n ta d ie n o n e  i n  r e a c t io n s  o f  N - n i t r o s o a c y la r y  la m in e s
may not be true benzyne. Phenyl radicals are, however, not responsible
for the formation of 1,2,3,4-tetraphenyTnaphthalene, since this is not
obtained when benzoyl peroxide or phenylazotriphenylmethane is allowed
] 53to decompose in the presence of 2,3,4,5-tetraphenylcyolopentadienone. ^
Since the above results indicate that the intermediate being trapped
by these dienes is neither true benzyne nor an aryl radical, it is possible
that it is dipolar in nature, and so will react only with the more reactive,
polarisable dienes, such as 2,3,4,5-tetraphenyIcyclopentadienone, This
153is supported by the fact that N-nitrosoacetanilide has been reported"" 
to yield an adduct with 1,8-diphenylisobenzofuran as trap. In the absence 
of such dienes, this dipolar intermediate would be unobserved, and would 
decompose to give the "normal'* reaction products. The formation of this 
intermediate, and the reaction with dienes, may be as follows!
lM«O-C0-4v 4- Ar-COM
"Normal" products
I
m,
Ph
+ CO
159.
In th e  p re s e n c e  of w a te r ,  th e  f o r m a t io n  o f
1,2,3,4-tetraphenylnaphthalene in the reaction of 4-chloro-N-nitroso- 
benzanilide with carbon tetrachloride and 2,3,4,S-tetraphenylcyclo- 
pentadienone is inhibited, and the products of the reaction become those 
of a similar reaction without the diene present. This effect can be 
explained on the reaction-scheme overleaf, ' The-water would compete 
with the diazonium cation as the donor of the acidic hydrogen i.e. the
equilibrium would be 4-Ar*C0g *-1: t Ar*COOH
Also if the dipolar intermediate does form, it will readily remove a 
proton from water giving the diazonium cation. The equilibrium will 
therefore lie well over to the left and very little 1,2,3,4-tetraphenyl- 
naphthalene will be produced, although the normal products will be obtained.
If the above scheme is correct, i.e. removal of the o-hydrogen 
by the benzoate ion to produce the intermediate which reacts with dienes, 
then the nature of the substituent in Ar should influence the yield of 
the addition product. Reactions, under similar conditions, carried out 
using compounds of the structure Ph*N(NO)*CO-Ar, with Ar « , -C^H^Cl(-p),
C«H NO^(-p), " C H Me(p), and using 2,3,4,5-tetraphenylcyclopentadienone,e 4: i'l '-4 — '
indicate that this is the case. The yield of 1,2,3,4-tetraphenyl- 
naphthalene is found to be in the following decreasing order:
p-Ol'C^H^-, 37% > p'MeC^H , 29% > -CH , 21% > P'NOg'CUH^ -,14%
The dissociation constants for the corresponding acids (Ar*COOH) are in the 
order î
> P-Cl'CeHj- > P-Me-C^V > CHg-
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The weakest acid will have the most nucleophilic anion and might 
therefore foe expected to remove hydrogen from the ring most readily, in 
which case the yields of 1,2,3,4-tetraphenylnaphthalene expected would 
foe in the order:
-CH > p-Me-C H - > p-Cl'CTH,-, > p-NO„*C_H.-o — 0 4 — 0 4 — <6 0 4
As predicted by this scale, the compound with the _p-nitro substituent 
does give the lowest yield of 1,3,S,4-tetraphenylnaphthalene. However, 
the yields from the other nitrosoaraides do not correspond to those 
predicted. It may be that intermediate equilibria in the reactions 
upset the soale. The results, although not conclusive, suggest that 
the basic strength of the anion Ar*CO does exert some influence on the 
formation of the addition product.
The results of experiments using substituted N-nitrosofoenzanilides 
[r *C„H.*N(NO)”00*C^H Cl(p)T in both benzene and carbon tetrachloride in 
the presence of the diene show that the nature of the solvent has little 
influence on the yield of the substituted 1,2,3,4-tetraphenylnaphthalene, 
(See Table 16),
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T a b le  1 6 .
Yield (%) of Substituted l,2,3,C-TotrapqenylnaphthaleneG from 
Reactions in Benzene and Carbon Tetrachloride.
R in R*CgH^*N<NO) *C0 *CgH^ ,Cl(2 )
^ield (%) in Benzene
H o-Bi’ m-Br
37 0 73
37 0 70
The results, however, do show the influence of the substituent R 
on the yield of addition product. These results are detailed in 
Tables 1*1 and 12 but are summarised below for convenience (Table 17).
Table 17
Yield (%) of Product from Reactions of Substituted Nitrosoaniides 
with Carbon Tetrachloride and 2,3,4,5-TetraphenyIcyclopentadienone.
R in RC H N(NO)CO*C_H^ *Ci(p) H o-Br ^ m-Br m-Me m-KO^ I p*-Br p-Me p-NO^
Yield (%) of 37 0 0 12 0 O
Yield (%) of O 70 21 63 0 O 0
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o~ S u b s t i tu te d  N i t  rosoam id e s
From tables 16 and 17 it can be seen that the reactions o" 
nitrosoamides with a substituent in the o-position in the amino moiety 
give no substituted 1,2,3,4-tetraphenylnaphthalenes, The yields o* 
other products from these reactions in the presence of 2,3,4,5~ 
tetraphonylcyclopehtadienone show only a slight variation from those 
of similar reactions in the absence of the diene. These results are
summarised in Table 18.
Table IS
Yields (%) of Products from Reactions of 2*-Bromo-440hloro^N^ 
Hitrosobenzanilide in Benzene and Carbon Tetrachloride in the 
Presence and Absence of 2,3,4,S~Tetraphenylcyclopentadienone,
[Ar*N(NO)*CO*Ar*]
Ar*COOH (Ar'C0)20 ArCl Ar'CO'O'Ar Adduct Ar'Ph
i m p  lEEPNoTrap
Reactions 
in CCI
Trap
4
29 24
No _ No _ No ^
17 22 33 23 0
Trap
0 0
Reactions 
in PhH
80 69 0 O 0 0 0 o 68 21
It can be seen that the yield of p-chlorobenzoic acid falls slightly 
in reactions in both benzene and carbon tetrachloride on the addition
of the diene. There is, however, a significant drop in the yield of
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2-bi’omobiphenyl from the reaction in benzene on the addition of the 
aryne trap, and also a reduction in the yield of aryl chloride in the 
reaction with carbon tetrachloride. It would appear that, in the 
presence of the diene, no addition product is formed, but some part of 
the reaction is suppressed. 
p~8ubstituted Nitrosoamides.
In the reactions of ^-Substituted N-nitrosobenzanilides 
[e.g, ^*Br*CgH^N(NO)'CO-Ar•] in carbon tetrachloride in the presence 
of 2,3,4,5-tetraphenylcyclopentadienone, very low yields (0-4%) of the 
substituted 1,2,3,4-tetraphenylnaphthalenes are obtained (see Table 17, 
p. 161). The yields of the other products of the reaction show 
significant variation from those produced in similar reactions in the 
absence of the diene, and they are compared in Table 19,
Table 19
Yield (%) of Products from Reactions of p-Substituted N-Nitrosobenzani1ides 
in Carbon Tetrachloride in the Presence and Absence of 2,3,4,5-Tetraphenyl
(Ar> = p.Cl.CgHp
cyclopentadienone.
Ar in ArH(MO) •CO’Ar' Ar'COOH (ArC0)„0 A-gCl Ar'COQAr . Ar'COOAr'
Traïiîi Trap ^
P 'M e— 6 4 74 63 6 11 25 23 0.5 0 0 0 1
49 18 19 23 56 18 0,8 0 6 <1 4
p-NO^-C^H - 68 4 9 18 34 10 0 0 11 9 0
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It can be seen from Table 19 that the most significant variation 
occurs in the amount of p-chlorobenzoic acid formed in the presence and 
absence of the diene. In all cases, the yield ox acid is reduced by 
the addition of the diene, but this reduction is exceptionally large 
in the case of 4~nitro-4^-chloro-N-nitrosobenzanilide, where almost 
no acid is formed in the presence of the diene, although a high yield 
is produced in reactions without trap. There is a similar, though less 
severe, reduction in the yields of aryl halides, and displacement of the 
substituent by chlorine is still apparent to a slight extent in the 
reaction of 4’-bromo-4-chloro~N-nitrosoben2:anilide although it is 
absent in the reaction of 4-chloro-4*-nitro~N~nitrosobenEanilide.
In contrast, the yields of ^-chlorofoenzoic anhydride show an increase 
in all reactions in the presence of the diene, and the anhydride is 
the major product identified in the reaction of 4-chloro-4^-nitro-N- 
nitrosobenzanilide. The yields of substituted 1,3,3,4-tetraphenyl-:% 
naphthalenes are very low.
In contrast to the reaction in the absence of the diene, no 
phosgene is produced and no brown colour develops in the carbon 
tetrachloride solution in the reaction of 4’-bromo-^-chloro-N- 
nitrosobeasanilide in the presence of the diene, A considerable 
quantity of brown material is produced from the reaction in the 
presence of the diene.
The reaction of 4-chloro-4 *~nitro~N*-nitrosobenaanilide with 
carbon tetrachloride and 2,3,4,5~tetraphenylcyclopentadiencne produces
105.
a compound, in.p. 167-163* [Pound; C, SG.Oj H, 4.9%, M.Wt. 400] 
which contains neither nitrogen nor chlorine. The I.R, spectrum 
is similar to that of 2,3,4,5-tetraphenylcyclopentaclienone, showing 
carbonj/l absorption at 1720 cm, ' This compound is still 
unident ifled.
It is obvious that _p-substituted nitrosoamides react with 
2,3,4,5”‘tetraphenylcyclopentadionone in such a way that the normal 
reaction is suppressed. This is least noticeable when the 
substituent is a methyl group, and most noticeable when a nitro group 
is present, and leads to a decrease in yield of all products except 
the anhydride. The identity of the above by-products must be 
established before the complete reaction can be formulated.
Unsubstituted and m-Substituted Nitrosoamides.
The reactions of unsubstituted and m-substituted
nitrosoamides [e.g. m-Br*C^H,N(NO)•CO*Ar] in both bensone and— u 4
carbon tetrachloride in the presence of 2,3,4,S-tetraphenylcyclopenta- 
dienone give high yields of addition products (33-70%) [See Table 17, 
p.lSl], In the reaction of 4-chIoro-3*-methyl-N-nitrosobensanilide 
two addition products can be detected by N.M.R. (see p. 104), while 
only one product is present in each of the other reactions (see pp J.03,105 ) , 
This suggests that, for formation of appreciable amounts of an addition 
product with a diene, a substituent must be present in the m-position 
in the amino moiety of the molecule, i.e. _o~ or 2" io the hydrogen 
which is being removed in the formation of the acid
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Also, the inductive effect of the substituent appears to influence 
the yields of addition product formed in the reactions of in-substituted 
nitrosoamides with the diene (m-Br > » H  > m-Me) . Both -NO^
and -Br have a strong -I effect, which would be evident to a, very 
much greater extent in the position o- these substituents than in 
the proposition. Thus one hydrogen only (the _o-hydrogen) would be 
removed, and so only one addition product would be formed. The 
methyl substituent, on the other hand, has a +I effect, and there will 
thus not be a strong directing influence to the ^ -hydrogen. Both 
O'- and p-hydrogens could thus be removed, giving a mixture of addition 
products with the diene.
A similar effect has been recorded^'^^ in the reaction of 
m-dichlorobenzene with potassamicle in liquid ammonia. In this case, 
there are two arynes possible:
Cl CL
U l c L  ' ^ A
W 3-chlorobenzyne 4-chlorobenzyne
It has been found that reaction proceeds largely via the
3-chlcrobenzyne (97%) and only very slightly via the 4-chlorobenzyne 
(2%), The enhanced acidity of the hydrogen to both chlorine atoms 
as opposed to those o- to only one chlorine atom and p- to the other
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In such reactions, where high yields of 1,2,3,4-tetraphenyl- 
naphthalenes are obtained [e.g, v/lth m-Br«NCNO)*C0*C^B^,C1 (p)] , 
^p-chlorobenzoic acid is the only other major product isolated.
The results of reactions of unsubstituted and m-substituted 
nitrosoamides in benzene and in carbon tetrachloride in the presence 
and absence of 2,3,4,5-tetraphenylcyclopentadienone are summarised 
in Table 20.
p-Chlorobenzoic anhydride is no longer among the products of the 
reactions, and the yields of r.rvfl halides and esters have decreased 
considerably in the~presence ot the<diene in carbon tetrachloride,
A similar reduction in the yield of biphenji is produced in benzene on 
the addition of the diene.
Since a high yield of tetraphenylnaphthalene is associated with 
a reduction in the yield of aryl halide, these compounds appear to
have a common precursor, which cannot be an aryl radical itself, since
1^ '3aryl radicals have been shown to produce no 1,2,3,4-tetraphenyl­
naphthalene with the diene. A typical scheme may, however, be as 
follows:
168
+ Ar"CO"OPh*NîN*0'C0«A£î Ph*N,
(a) (b)
RÜcha rdt-type 
mechanism
polarisable 
. diene
products
product
In the presence of a polarisable diene, the dipolar intermediate 
would be detected; its removal would cause the whole reaction to 
proceed by path (b), and no other products would be obtained. In 
the absence of this diene, the reaction would proceed via paths (a) 
and (b), the dipolar intermediate reacting to give either identifiable 
products or tars, H^ w^ever, the anomalous reactions of ^-substituted 
nitrosoamides (i.e. the apparent suppression of the whole reaction apart 
from formation of the acid anhydride) especially the reaction of 
^-NOg'NCNO)'CO•CgH^Cl(p) , cannot be explained by this scheme.
Nor does it explain why high yields of addition products are not formed 
in reactions of compounds with substituents in positions other than the 
m-position, even although high yields of acid may be produced in these 
cases in carbon tetrachloride.
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CONCUTSION
In conclusion, it can be said that the decompositions of 
N-nitrosoacetanilides and N-nitrosobenaanilides appear to follow 
the same reaction mechanism in the same solvent. From the 3,S,R, 
spectra it would appear that different mechanisms operate in benzene 
and carbon tetrachloride, but, since the pattern of behaviour in both 
of these solvents on the addition of 2,3,4,5~tetraphenyIcyclopentadienon© 
is identical, there must be at least one step in the reaction common to 
both solvents. Neither the mechanism proposed by RÜchardt nor that 
proposed by Perkins explains this reaction with an aryne trap, although 
the reaction in benzene in the absence of the diene can be adequately 
explained.
It has previously been shown that the reaction in benzene is radical 
in nature, but there is no conclusive evidence to indicate that the 
reaction in carbon tetrachloride is also a radical process. Although 
the E.S.R. spectrum shows the presence of an unknown radical in minute 
concentration, the absence of hexachloroethane in the products suggests 
the absence of trichloromethyl radicals. It is obvious from the results 
that the intermediate reacting with the diene is neither true benzyne 
nor an aryl radical, and it could be dipolar in nature.
If RÜchardt*s scheme is operative at all, it must be modified to 
account for the reaction with the diene, A possible modification for the 
reaction scheme in benzene is shovm overleaf:
170.
+ Ar-COOH
\diene 
\
products "adduct"
Ph«N;N'0*C0"Ar + O"CO-Ar — ^Ph*N^O + (Ar‘C0)„0
Ph*W + Ph-N^o''  ^Ph'N^'0*N^*Ph -- ^ Ph’ + N. t Ph'N^ O^' ^ ^ /'J * cJ
Ph- t PhH -- > Cr-complex ^ Ph-Ph + Ph'N^'OH
Ph*N^*OH H* Ar'CO'O — t ArCC^H ^ k>
The reaction in carbon tetrachloride, however, cannot yield 
p-chlorobenzoic acid accoraing to this scheme. Also, any scheme must 
incorporate the formation of a diazonium chloride. The E,8.R. spectrum 
of the reaction in carbon tetrachloride does not support the presence of 
the phenyl diazotate radical, Ph*N,^ 0« o Further, it has been shown 
(see pa 134) that the absence of 2,3-dichlorobiphenyl from the reaction 
of 2,*4,S*”trichloro“N-nltrosobensanilide in benzene seems to suggest 
the absence of a diazoanhydride* A reaction scheme based on ions and 
not radicals can explain the products.
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Ph*N:N*0*C0"Ar — ^  Ph*N^ 4- Ar'CO,
Ph«Nn + Ar'CO- Ar'COOH + ^ 6
diene
products adduct
CCI -) PïaOl + ÉciPh*N,
^(Ar*C0)_0 + Ph-N^OAr*CO^ + Ph'N;N*0-C0'Ar
Ph'N^ o"* + èci 
Ph*N^ *^  + CCI,
■> Ph'N^ Cl -f COCIPh'N^'O'CCl Cl
 ^Ph'N^ "^  Cl“ + tci
Ph*No + O'CO "Ar ^ Ar'CO-O-Ph + N,
Radical Intermediates cannot be ignored completely because an E.S.R
signal is obtained, although it is very weak. Perhaps radical and ionic
mechanisms operate together in both benzene and in carbon tetrachloride.
The reactions of nitrosoamides having both o-positions in the amino
moiety substituted [e.g. 2 * ,4,6*~'trichloro*-N'-nitrosobenzanilide] cannot
yield a dipolar intermediate, and so p-chlorobenzoic acid is not
produced from reactions in benzene or in carbon tetrachloride. In
this case, one of the ^ -substituents is displaced by a benzoate ion
Cl .Cl
e.E. ^  %N:N'0"C0'Ar Ç=z± ^  ^  + Ar'COg"-— i
Cl- 'Cl O C O A vK' - ^ ^ ^NsN*0*CO"Ar + Cl — --- » + Ar*COCl
"bt CL
Each cation and anion may then react according to the scheme already 
proposed Above or by that on p.142,
N. 4- Br
172r
A similar reaction takes place with 4-ohloro-2* -^"tribromo-N-' 
nitrosobenzanilide, as shown:
BrT V-^SN'O'CO^Ai- ---- > By 'Vn , + Ar'CO ‘\ " 0" m / \%%%/ ^By- "~^OCOA'r
The reaction scheme (p,17l)would then operate, together with those already 
proposed (pP*o 14S-15S) to yield aryl halides and esters.
These schemes will not, however, explain why, in sane reactions in 
the presence of 2,3,4,5"t0traphenylcyclopentadienone, there is formed a 
high yield of acid, but no benzyne-type adduct [e.g. in the reaction of 
_p-Me*CgH^‘’N*lro) *CO-CgH^ *Cl(p)] or why there is an apparent, supprosr-ion
of the nonaal reaction in the case of p-NO_ 'N* (NO) *C0*G.J1. 'Cl(p) .Z o 4 b 4 —
Further work will be necessary to establish whether or not there 
are radicals present in reactions in carbon tetrachloride. It will also 
be important to ascertain that only the ^ -hydrogen atom is removed in 
the formation of the acid. This could be done by replacement of the 
0“hydrogens by deuterium, and will enable the structure of the reactive 
intermediate to the Isnown with more certainty. A vital clue to the reaction 
of p-substituted nitrosoamides v/ith 2,3,4,5-tetraphenylcyclopentadienone 
may come from the identification of the compotind formed in the reaction of 
p-NO^*C^H^ •N(NO)‘CO'CgH^-ClCp) with this diene. A high yield of brown 
tars and glasses is formed in every reaction. Perhaps the clue to the 
structure of the intermediate will be found if the nature of these products 
can be ascertained.
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